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FOREWORD 
This report  summarizes the research and development 
accomplished during a program t o  i n v e s t i g a t e  t h e  f e a s i b i -  
l i t y  of f a b r i c a t i n g  a cathode ray tube employing a re- 
emission technique, t o  provide very high contrast  under  
high ambient l i g h t  c o n d i t i o n s .  The work was performed, 
p r i m a r i l y  by Mr. Donald  Amberger, during the per iod from 
October, 1966 t o  March, 1967, f o r  the Nat ional  Aeronaut ics  
and Space Administration, Electronic Research Center,  under 
c o n t r a c t  Number NAS 12-97. The c o n t r a c t  was adminis tered 
by NASA-ERC wi th  Mr. E .  Hi lborn  ac t ing  as t h e  t e c h n i c a l  
Monitor , 
The concept o f  h i g h  c o n t r a s t  d i s p l a y s ,  on which the 
program was based ,  o r ig ina t ed  in  a Hartman-Huyck Systems Co. 
s p o n s o r e d  f e a s i b i l i t y  i n v e s t i g a t i o n  r e s u l t i n g  i n  a pa ten t  
d i s c l o s u r e  c o v e r i n g  n o n - l i n e a r  o p t i c a l  f i l t e r s .  
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Glossary 
Symbol  
C 
e 
b 
A// 
Al 
Rl 
Tl 
J// 
Jl 
Descr ip t ion  
c o n t r a s t  
emi t t ed  in t e l l i gence  
reflected background 
i n c i d e n t  e l e c t r i c  f i e l d  ( p a r a l l e l  component to 
i n c i d e n t  e l e c t r i c  f i e l d  (perpendicular  component 
the plane of incidence) 
t o  the  plane of  incidence)  
r e f l e c t e d  e l e c t r i c  f i e l d  ( p a r a l l e l  component to 
the plane of incidence) 
r e f l e c t e d  e l e c t r i c  f i e l d  (perpendicular  component 
t r a n s m i t t e d  e l e c t r i c  f i e l d  ( p a r a l l e l  component to 
t o  the plane of incidence) 
t he  plane of  incidence)  
t r a n s m i t t e d  e l e c t r i c  f i e l d  (perpendicular  
component t o  the  plane of incidence)  
index   of   re f rac t   ion  
a n g l e  of incidence 
ang le  of ( r e f r ac t ion )   t r ansmiss ion  
a n g l e  o f  r e f l e c t i o n  
r e f l e c t i v i t y  ( p o l a r i z a t i o n  i n  t h e  p a r a l l e l  
d i r e c t i o n )  
r e f l e c t i v i t y  ( p o l a r i z a t i o n  i n  the perpendicular  
d i r e c t   i o n )  
t r a n s m i s s i v i t y  ( p o l a r i z a t i o n  i n  t he  p a r a l l e l  
d i r e c t   i o n )  
t r a n s m i s s i v i t y  ( p o l a r i z a t i o n  i n  the perpendicular  
d i r e c t   i o n )  
power dens i ty  ( a r a l l e l  component t o  the. plane 
of  inc  idencey 
.power densi ty  (perpendicular  component t o  the  
plane of  incidence)  
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Glossary   (cont inued)  
Symbol 
ec 
a 
h 
Y 
Z 
W 
No 
P 
'kl 
F1 
Descr ip t ion  
c r i t i c a l  a n g l e  
r a t i o  of the  subtended  cone t o  the sphere 
P lanck ' s   cons t an t  (6.55 x org/sec)  
Speed  of l i g h t  (3  x 10 cm/sec) 
energy 
number ( q u a n t i t y )  
10 
speed of incident  photons 
speed of emitted photons 
wavelength 
power 
quantum e f f i c i e n c y  
wavelength 4f i n c i d e n t  r a d i a t i o n  
th ickness  of u l t r a  v i o l e t  f i l t e r  
diameter of spread  spot  
r a t i o  of d t o  th ickness  of f i l t e r  t o  produce 
t ransmiss ion   (ou tput / input )  
i n c   i d e n t   r a d i a t i o n  
th ickness  of m a t e r i a l  
abso rp t ion  (1-T)  
l i n e a r  a b s o r p t i o n  c o e f f i c i e n t  
epsi lon  (2 .7183)  
atomic number 
chemical atomic weight 
Avogodro I s number 
mass d e n s i t y  
a t r a n s i t i o n a l  c o e f f i c i e n t  p r o b a b i l i t y  
f o o t  lamberts  
t ransmiss ion  ( T )  
xii 
Pa 
kv 
mw 
V 
M 
L 
w 
B 
Glossary  (continued) 
Description 
micro  amperes 
k i l o  v o l t s  
milli watts 
electric field voltage/meter 
magnetic  field current/meter 
luminous  intensity 
solid  angle 
luminance 
xiii 
Abst rac t  
A h igh contrast  Cathode Ray Tube, employing non- 
r e c i p r o c a l  o p t i c a l  f i l t e r i n g  t e c h n i q u e s  was developed. 
The non-reciprocal  f i l t e r  des ign  cons is t s  of  a W 
bandpass f i l t e r ,  a f l uo rescen t  f i lm  and  a v i s i b l e  band- 
p a s s   f i l t e r .  A l l  e lements   a re   t ransparent .  The f i l t e r  
i s  between t h e  obse rve r  and  an  u l t r a -v io l e t  emi t t i ng  
cathodoluminescent  phosphor.   Incident  l ight ( t h e  obser- 
ver ’s  s ide )  s t r ikes  the v i s i b l e  f i l t e r  a n d  is p a r t i a l l y  
absorbed.  The  remaining  ambient  passes  through  the 
t r a n s p a r e n t  f l u o r e s c e n t  f i l m  and i s  absorbed by the W 
f i l t e r .  The two f i l t e r  l a y e r s  have no  mutual  bandpass. 
R e t u r n  d i f f u s e  r e f l e c t i o n  o r  emission from the  f luo -  
r e s c e n t  f i ’ l m  and  any  re turn  re f lec t ion  f rom the  phosphor 
a r e  therefore   e l iminated.’   Because  of  th is  f e a t u r e ,  a 
cathode ray tube employing these principles maintains 
cons t an t  con t r a s t  and  r eadab i l i t y  ove r  a wide range of 
ambient  i l lumina t ion  leve ls .  
This  program has concentrated on t h e  problem of 
t h e  e l imina t ion   of   d i f fuse   re f lec t ion .   Technology 
p r e s e n t l y  e x i s t s  f o r  r e d u c t i o n  of s p e c u l a r  r e f l e c t i o n  t o  
low values  through the appl icat ion of i n t e r f e r e n c e  
f i l t e r s .  
1 
In t roduc t ion  
The Cathode Ray Tube is  c u r r e n t l y  t h e  most widely 
used  device  for  the  d i sp lay  of  complex information. The 
ex tens ion  of i t s  use  in  ae rospace  app l i ca t ions  i s  l i m i t e d  
by i t s  f a i l u r e  t o  m a i n t a i n  r e a d a b i l i t y  u n d e r  h i g h  
ambient  i l lumina t ion  leve ls .  
Adequate  readabi l i ty  may be achieved by i nc reas ing  
h igh l igh t   b r igh tness  o r  by t he  con t ro l   o f   con t r a s t .   I n -  
c r e a s e d  h i g h l i g h t  b r i g h t n e s s  r e s u l t s  i n  a n  i n c r e a s e  df 
power requirements and reduced l i f e  which a re  undesirable .  
The c o n t r o l  of c o n t r a s t  as a means of  achiev ing  
r eadab i l i t y  under  high ambient  i l luminat ion was the pur-  
pose  of t h i s  program. 
The methods described in t h i s  r e p o r t  show t h a t  a 
n o n - r e c i p r o c a l  f i l t e r  c a n  be used t o  a c h i e v e  t h e o r e t i c a l l y  
p e r f e c t  c o n t r a s t .  
2 
.PROGRAM OUTLINE 
The fol lowing tasks were es tab l i shed  covering a l l  phases 
of the  
Task 1 
Task 2 
Task 3 
Task 4 
Task 5 
program . 
- Develop a composite f i l t e r  s t r u c t u r e  by inves- 
t i g a t i n g ,  a n a l y z i n g ,  s y n t h e s i z i n g ,  a n d  t e s t i n g  
W-responsive  f luorescent   methods.  The des i r ed  
r e s u l t  is a f i l t e r  t h a t  will t ransmi t  usefu l  
amounts  of  energy i n  t h e  v i s i b l e  s p e c t r u m  i n  
one d i r ec t ion ,  and  subs t an t i a l ly  abso rb  in -  
c iden t  v i s ib l e  ene rgy ,  w i thou t  s ign i f i can t  
r e f l e c t i o n ,  i n  t h e  o t h e r  d i r e c t i o n .  
- F a b r i c a t e  a n d  t e s t  c o m p o s i t e  f i l t e r s  u s i n g  UV 
emit t ing  phosphor   layers  (Type P-16). Par t i -  
c u l a r  a t t e n t i o n  must be given t o  i n v e s t i g a t i o n  
of t e c h n i q u e s ,  r e s u l t i n g  i n  minimum degradat ion 
of  image r e s o l u t i o n .  
- Evaluate phosphor/f i l t e r  composite screens and 
determine t h e i r  s u i t a b i l i t y  f o r  u s e  as d i sp lay  
s c r e e n s   i n  CRT d i sp lays .  Spec i f i c   a r eas   o f  
e v a l u a t i o n   a r e :  
a .  A b i l i t y  t o  perform  under  widely  varying 
ambients.  
b. Ruggedness, r e l i a b i l i t y   a n d  l i f e  under 
the  condi t ions  of  an t ic ipa ted  use .  
Data will be developed from actual t e s t  i n  a 
sample CRT conf igura t ion  and  pre l iminary  
s c r e e n i n g  f o r  f a t i g u e  of materials under 
simulated use.  
- I d e n t i f y ,  by a l i t e r a t u r e  s e a r c h ,  c a t h o d o -  
luminescent materials which rad ia te  energy  a t  
s h o r t e r  wave lengths ,  and prove superior  t o  P-16 
phosphor i n  e l e c t r o n  t o  W photon conversion. 
- Eva lua te  se l ec t ed  f luo rescen t  ma te r i a l s ,  de t e r -  
min ing   the i r   convers ion  ef f i c   i ency  .
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Task 6 
Task 7 
Task 8 
Task 9 
Task 10 
- Determine the effectiveness of previously 
s e l e c t e d  f l u o r e s c e n t  m a t e r i a l s  when used w i t h  
P-16 phosphor and irradiated wi th  s h o r t e r  wave- 
l e n g t h  W photons. 
- Develop optimum s u b s t r a t e s  f o r  t h e  f l u o r e s c e n t  
l a y e r .  
- Develop optimum concent ra t ions  of f luo rescen t  
m a t e r i a l s  i n  t h e  s u b s t r a t e .  
- I n v e s t i g a t e  t h e  p o s s i b l e  e f f e c t s  of d i f f e r e n t  
organic  so lvents  on the  br ightness  and  hue  of 
t h e  f l u o r e s c e n t  l a y e r .  
- S p e c i f y  a p p r o p r i a t e  f i l t e r s ,  h a v i n g  no mutual 
bandpass, f o r  use with the s e l e c t e d  W phosphor 
and  f luo rescen t  ma te r i a l s .  
Task 11 - Fabr ica te ,  eva lua te  and  de l iver  t o  ERC a cathode 
ray tube employing the resul ts  of  the research.  
Task 12 - Recommend a r e a s  f o r  a d d i t i o n a l  r e s e a r c h  b a s e d  on 
t h e  f i n d i n g s  of Tasks 1 through 11. 
A l l  of  the tasks out l ined above were completed during 
the course of  the program and are  summarized in  the technical  
r e p o r t .  
Tasks 1 through 3 cons i s t ed  of i n i t i a l  t r i a l s  and  ear ly  
assessments of the individual components.  
A f t e r  t h e  i n i t i a l  a c q u i s i t i o n  of mater ia ls  and equip-  
ment, a gross  screening  was s e t  up f o r  e v a l u a t i o n  of var ious  
f luorescent   samples  with var ious  binders .  T h i s  phase was 
qui te  exhaus t ive ,  cover ing  a mul t i tude  of known f l u o r e s c e n t  
compounds and a wide v a r i e t y  of plast ic-solvent  combinat ions.  
The r e s u l t s  of t h e s e  t e s t s  a r e  t a b u l a t e d  i n  t h e  Appendices 
t o  t h i s  r e p o r t .  
The bes t  f l uo rescen t  ma te r i a l s  were c a r e f u l l y  e v a l u a t e d  
t o  de te rmine  the i r  absorp t ion  and  emiss ion  charac te r i s t ics .  
Based  on t h i s  d a t a ,  t h e  p a s s i v e  v i s i b l e  f i l t e r s  a n d  W 
f i l t e r s  were se l ec t ed  fo r  t he  bes t  combina t ion .  
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Various CRT envelopes with n o n - l i n e a r  f i l t e r s  and 
removable  faceplates  were t e s t e d  i n  a vacuum 
The ion gauge was kept  wi th in  the  t o  10- P e m *  mm Hg 
range.  
Under t h e s e  c o n d i t i o n s ,  t h e  f i l t e r s  worked as pre-  
d i c t e d ;  that  is, h igh  con t r a s t  was achieved, even when 
t h e  f a c e p l a t e  was i l lumina ted  with floodlamps approxi- 
ma t ing  d i r ec t  so l a r  r ad ia t ion  in t ens i ty  ove r  t he  v i s ib l e  
spectrum. A t  t h i s  po in t ,   on ly   t he   specu la r   r e f l ec t ions  
presented a c o n t r a s t  problem. 
Various W phosphors were t r i e d  wi th  no one phosphor 
showing any outstanding performance. 
Ekperimentation up to t h i s  p o i n t  i n  t i m e  had been 
primarily devoted t o  the  eva lua t ion  of o rgan ic  f luo res -  
cen t  compounds i n  s o l i d  p l a s t i c  s o l u t i o n s .  It was 
a n t i c i p a t e d  that such  mater ia l s  could  be  emDloyed 
s u c c e s s f u l l y  i n  a CRT envi ronment ,  s ince  an  e f fec t ive  
s e a l  would be present  be tween the  f luorescent  layer  and  
the  gun/vacuum environment, i n  t h e  form of t h e  s o l i d  W 
bandpass f i l t e r ,  which is  a l s o  t h e  s u p p o r t i n g  s t r u c t u r e  
for  the  cathodoluminescent  phosphor.  However, i t  was 
discovered that even  though the  f luorescent  p las t ics  d i d  
d iscont inue  outgass ing ,  a cold-pumped tube had extremely 
s h o r t  l i f e  because of surface contaminants which are 
picked  up a t  room temperature.  CRT indus t ry  s t anda rds  
l'equire a bake temperature of 410°C for  thorough out -  
gas s ing  of the  envelope  and  long  l i fe .  The p l a s t i c s  u sed  
decomposed a t  t h i s  t empera tu re  and  a f t e r  s eve ra l  expe r i -  
ments, i t  was determined that t h e r e  is  no p r a c t i c a l  way of 
p ro tec t ing  the  p l a s t i c  f rom exposure  t o  this  temperature.  
The obvious conclusion is  tha t  organics cannot be u s e f u l l y  
employed i n  a CRT. The s o l u t i o n  i s  t o  use  inorganic 
mater ia ls  based on glass mat r ices .  
There  a re  new problems introduced wi th  t h i s  method. 
Among the most  outs tanding i s  resolut ion,  which is  d i s -  
cussed a t  l e n g t h  i n  t h i s  r e p o r t .  However, i n i t i a l  e x p e r i -  
ments with the demountable apparatus showed that t h e  
f l u o r e s c e n t  glass chosen performed nearly as we l l  as t h e  
best  organic  system, i f  precautions were taken in matching 
the absorpt ion edge wi th  the cathodolwninescence spectrum. 
5 
A s ea l ed  of f  tube was fab r i ca t ed  in  acco rdance  w i t h  
good i n d u s t r i a l   p r a c t i c e ,   u s i n g   g l a s s   s t r u c t u r e s .  The 
u n i t  w a s  then  tes ted.  
The performance was except iona l ly  good. The image, 
even under  direct  outdoor  sunl ight ,  was d i s t i n c t  a n d  
c l e a r  w i t h  h igh  con t r a s t .  
6 
TECHNICAL DISCUSSION 
General Considerations - Visual  images are  perceived 
as t h e  r e s u l t  of d i f f e r e n c e s  i n  e i t h e r  c o l o r  or i n t e n s i t y  
of l i g h t  r e a c h i n g  the observer 's  eye from each element of 
t h e   o b j e c t  or display.  These  differences,   which we term 
c o n t r a s t ,  a r e  the p r i n c i p a l  f a c t o r s  c o n t r i b u t i n g  to v i s i -  
b i l i t y  of a d isp lay .   For   h igh  v i s i b i l i t y ,  i t  i s  e s sen t i a l  
that  t h e  c o n t r a s t  of the d i sp lay  be sub jec t  to c o n t r o l  
s o l e l y  by the  opera tor  and  not  subjec t  to ''wash out"  by 
ambient   i l luminat ion.  
The high ambient  i l luminat ion condi t ions encountered 
in  an  aerospace  envi ronment  se r ious ly  degrade  the  cont ras t  
of e x i s t i n g  d i s p l a y s .  Th i s  i s  caused by specular   and d i f -  
f u s e   r e f l e c t i o n s  from the  display  surface.   Reduct ion of 
t h e s e  r e f l e c t i o n s  i s  t h e  f i rs t  task i n  o b t a i n i n g  u s e f u l  
c o n t r a s t   l e v e l s .   C o n t r a s t  is  not  the only image  parameter 
which  must be cons idered  in  de te rmining  the  v i s i b i l i t y  of 
a cockpit-&isplay.  Brightness  must  also be t a k e n  i n t o  
considerat ion,  because of  the  l i g h t  a d a p t a t i o n  c h a r a c t e r -  
i s t i c s  of t he  human eye. I f  a p i l o t ' s  e y e s  a r e  a d a p t e d  to 
a bright sky background of several  thousand foot lamberts,  
a d i sp lay  hav ing  h igh  con t r a s t  w i l l  be  d i f f i c u l t  to ob- 
s e r v e  i f  t h e  d i s p l a y  b r i g h t n e s s  is  below the  th re sho ld  of 
t h e  daylight-adapted  eye.   Thus  both  brightness  and 
c o n t r a s t  a re  e s s e n t i a l  f o r  h i g h  v i s i b i l i t y .  
The approach  inves t iga ted  i s  a unique method, simple 
bo th  in  theo ry  and  ac tua l  ope ra t ion .  
The d e f i n i t i o n  o f  c o n t r a s t  C ,  (Ref.  1) is similar t o  
that  o f  s i g n a l  to n o i s e  r a t i o s  when dea l ing  with e l e c t r i c a l  
systems.  Contrast  i s  then  a f i g u r e  of mer i t  by which a n  
observer  can  d is t inguish  an  image over the background. 
Therefore ,  an  image source 
c =  Emitted I n t e l l i g e n c e  Emi t t ed  i n t e l l i g e n c e  + r e f l e c t e d  background 
(Ref. 1) AFFDL-TR-66-6 
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or more concise ly ,  
c = '7 e/b 
e b + l  
which resembles the probabili ty of c '  
r ece ive r  t heo ry .  
Eq. (1) 
o r r e c t  d a t a  i n  
To ach ieve  h igh  con t r a s t ,  e i t he r  t he  emi t t ed  
energy must be increased or the  ref lected background 
decreased or both. 
Reference to Figure 1 i l l u s t r a t e s  t h e  p r i n c i p l e  
involved. I f  an  observer   looks a t  a v i s i b l e  f i l t e r  
cascaded with a W, no reflected background w i l l  be seen 
excep t   t hose   specu la r   i n   na tu re .  The composite f i l t e r  
w i l l  appear  black. The f i l t e r  does  not  pass or genera te  
v i s i b l e  r a d i a t i o n .  An o b j e c t  p l a c e d  b e h i n d  t h e  f i l t e r  
w i l l  not  be seen. The reduct ion  of   ref lected  background 
has been  accomplished.  But,  the  emitted or i n t e l l i g e n c e  
has also been  reduced. This f i l t e r  i s  s t i l l  l i n e a r  and 
r e c i p r o c a l .  
By i n s e r t i n g  a t h i n  t r a n s p a r e n t  f l u o r e s c e n t  f i l m  as 
shown by Figure 1, the composite w i l l  remain black, but 
t h e  image w i l l  become c l e a r .  The ob jec t  or image i s  
formed on t h e  W image plane and v i a  S tokes '  convers ion  
p r i n c i p l e ,  t h e  f l u o r e s c e n t  f i l m  becomes stimulated and 
conve r t s  t he  image from W t o  v i s i b l e  r a d i a t i o n .  
Background r a d i a t i o n  i s  n o t  r e f l e c t e d  t o  t h e  ob- 
server  but  absorbed by t h e  f i l t e r  a n d  t h e  image i s  
r a d i a t e d  to the  observer  with t h e  main loss due to t he  
f luorescent   convers ion .  A primary  requirement is  tha t  
the  f i l t e r  e l emen t s  t hemse lves  in t roduce  no d i f f u s e  
r e f l e c t i o n s  i n  t h e  s y s t e m ;  i . e . ,  t h e y  must be t r a n s -  
parent and possess a minimum of o p t i c a l  s c a t t e r i n g .  
The composite is  non-reciprocal .   Radiat ion  passes  
s l i g h t l y  a t t e n u a t e d  i n  one direct ion and completely 
abso rbed  in  the  o the r  d i r ec t ion .  From this simple  model, 
con t r a s t  l eve l s  approach ing  1.0 can be obta ined  in  any  
ambient condition. 
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Figure 1. Non-Reciprocal F i l t e r  
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T h e o r e t i c a l  C a l c u l a t i o n s  f o r  t h e  F i l t e r  
The a c t u a l  c a l c u l a t i o n s  of c o n t r a s t  of t h e  f i l t e r  
will be made assuming the observer is  i n  broad daylight.  
shows a n  i n t e n s i t y  d e n s i t y  of 150 mw/c$/micron a t  555 
mi l l imicrons  o r  102,000 Lumens/ft2/micron,  due t o  d i r e c t  
s u n l i g h t .  The s e n s e d   t o t a l   i n t e n s i t y   f o r   t h e   s t a n d a r d  
observer  is  then t h i s  value of i n t ens i ty  t imes  the  r e s -  
ponse of the eye integrated over the limits of the 
response of the  eye.  The ne t   s ensed   i n t ens i ty  is then 
16,000 1umens/ft2 . The i n t e n s i t y  of r a d i a t i o n  i n  t h e  
vis ible  spectrum assuming approximately uniform distri-  
but ion  is  about 30,000 f t . - c a n d l e s .  
A piece of ground glass which d i f f u s e l y  r e f l e c t s  
18% (Ref. 2 )  of the inc ident  r a d i a t i o n  would i n  t h i s  ca se  
r e f l e c t  30,000 f t . - c a n d l e s  x 0.18 = 5,400 f t . - cand le s .  
Based on c o n t r a s t ,  a n  image  on t h i s  ground glass 
would have t o  be 5,400 f t .  -candles  in  order  t o  be 
" reasonably"   v i s ib le  (0 .5  c o n t r a s t ) .  Based on d a t a   a s  
o u t l i n e d  i n  Appendix 11, i t  has been determined that 
composite f i l t e r s  r e f l e c t  a p p r o x i m a t e l y  1/20 o r  l e s s  of 
the   inc ident   rad ia t ion   than   does   g round glass.  Experi-  
ments w i t h  improved r e f l e c t i o n s  c a n  be reduced t o  1/100 
of t h e  i n c i d e n t  s i g n a l s .  
An image of only 54 f t .  - c a n d l e s  is  now requi red  t o  
be c l e a r l y  v i s i b l e  a n d  d i s t i n g u i s h a b l e .  
Expected Contrast  in  a CRT - The tube used through- 
ou t  t he  r e sea rch  was a 5 CK type.  Using t h i s  tube w i t h  
a 5" d iameter  face  and  a 20 KV anode rated a t  100 micro 
amps t h e  e l e c t r i c a l  e x c i t a t i o n  is  2 watts. 
a b s o l u t e  e f f i c i e n c y  of .049 wa t t s  r ad ia t ed /wa t t  exc i t a t ion  
o r  a quantum y i e l d  of 0.015 photons/electron volt  (Ref.  3 ) .  
The e l e c t r i c a l  power dens i ty  inpu t  i s  14.7 wat t s / f t2  o r  
10,000 lumens/ft2.  The aluminized  phosphor  then  converts 
t h i s  t o  490 lumen/ft2 o r  490 f t . - c a n d l e s  of n e t  o p t i c a l  
r a d i a t i o n .  As w i l l  be shown i n  t h e  s e c t i o n  t i t l e d  
Ref lec ted  Ambient - A worse  case of i l l umina t ion  
The phosphor used i s  equiva len t  t o  P-16 which has an  
(Ref. 2 )  Moon, "The S c i e n t i f i c  Basis of I l l umina t ing  
(Ref. 3 )  ITT r e s p o n s e   c h a r a c t e r i s t i c s ;  Response  of 
Engineering" p. 253, Dover Pub l i ca t ions ,   Inc .  
JEDEC phosphors. 
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"Conversion  Losses" ,   the   net   resul tant   conversion  of  
t he  P-16 W emission t o  v i s i b l e  f l u o r e s c e n t  r a d i a t i o n  
i s  a minimum of 10%. There fo re ,   t he   v i s ib l e   op t i ca l  
r a d i a t i o n  a t  t h e  f a c e  of the tube i s  49 f t , - cand le s .  
The c o n t r a s t  ( i g n o r i n g  s p e c u l a r  r e f l e c t i o n s  due 
t o  index of refraction mismatch) i s  then: 
c =  Emitted Emitted + Ref lee ted  Eq. ( 2 )  
c =  49 4g.+ 54 x 100 
c = 47.5% 
Therefore ,  a comfortable  viewing level  (100 f t . -  
candles  is usua l ly  accepted  as a maximum i n t e n s i t y  f o r  
comfort)  i s  a v a i l a b l e  for var i a t ions  in  ambien t  f rom 
complete  darkness t o  b r i g h t   s u n l i g h t .   D e t a i l e d   r e s u l t s  
a r e  g i v e n  i n  t h e  s e c t i o n  t i t l e d  R e s u l t s .  
Losses due t o  t r a p p i n g  of e m i t t e d  r a d i a t i o n  - I n  
a d d i t i o n  t o  the photon conversion eff ic iencies ,  as 
previously mentioned,  an addi t ional  loss mechanism 
e x i s t s  due t o  index of refraction mismatch. 
Phys ica l  observa t ion  of a f l u o r e s c i n g  l a y e r  of dye 
shows very s t rong emission a t  the edge of t h e  l a y e r  r e -  
ga rd le s s  of  where t h e  dye i s  s t imu la t ed .  It i s  thus 
apparent from this  s tandpoin t  that t h e  s t i m u l a t e d  c o l o r  
c e n t e r s  a r e  r a d i a t i n g  s p h e r i c a l l y  a n d  tha t  t o t a l  i n -  
t e r n a l  r e f l e c t i o n  e x i s t s  f o r  c e r t a i n  c r i t i c a l  a n g l e s  
of emission. The fo l lowing   ana lys i s   assumes   in   the  
worst  case $hat t h e s e  i n t e r n a l  r e f l e c t i o n  l o s s e s  a r e  
not  amel iora ted  by the  use  of a n t i - r e f l e c t i o n  c o a t i n g s .  
The model  used f o r  this computation i s  shown i n  
Figure 2.  Assuming that  the   f luorescent   l ayer   has   been  
s t imu la t ed ,  t he  fo l lowing  ques t ions  a r i s e .  How much of 
t he  s t imu la t ed  emis s ion  en te r s  r eg ion  2 o r  the viewing 
a r e a ?  What i s  t h e  n a t u r e  of t h e  r e s u l t a n t  r a d i a t i o n  
p a t t e r n ?  
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Radia t ine;  
Figure 2. F r e s n e l   D i f f r a c t i o n  Model 
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. . . . . . . 
The problem is solved by u t i l i z ing  t i l e  F resne l  Fo r -  
mula (Ref. 4 ) .  The vec tors  A ,  R and T r ep resen t  t he  
i n c i d e n t ,   r e f l e c t e d   a n d   t r a n s m i t t e d   e l e c t r i c   f i e l d s .  By 
so lv ing  the  equat ions  as o u t l i n e d  it  i s  determined that :  
2nl COS e i  A// 
and that  
T// = n Cos e i  + nl Cos e t  
2 
2nl Cos e .  Al 
T l  = 1 n Cos e i  + n2 Cos e t  1 
n Cos e i  - n Cos e t  2 1 
P I /  - i  
- 
n2 COS e i  + nl COS e t  A// 
Eq. (3) 
Eq. ( 4 )  
n Cos e i  - n Cos €It 
n Cos B i  + n Cos e t  .Al Eq. (6) 
1 2 
1 2 
' R l  = 
Figure 3 shows t h e  p l o t s  of the various components 
of e l e c t r i c  f i e l d ,  a n d  t h e i r  r e s p e c t i v e  p o l a r i z a t i o n .  
F igure  4 is  a p l o t  of t h e  t r a n s m i s s i v i t y , a n d  r e f l e c t i -  
v i t y .  I n  t h e  s i t u a t i o n  we are   concerned with, i . e . ,  
t rapping .  F igure  5 shows t h e  power dens i ty  output  from 
t h e  s u r f a c e  as a funct ion  of  e t .  It i s  observed  that  
e t  of 90" co inc ides  with a 8 i  = 39", and tha t  the  com- 
ponents of J a re  r easonab ly  f l a t  over the range of et, 
employing  an  isotropic   source.   Therefore ,   the  power 
escaping can be assumed t o  be uniform over the exit  
cone, and the net power output  per  input  i s  about 10% 
fo r  t h e  c a s e  c i t e d .  
S ince  the  curves  show a f a i r l y  uniform viewing power 
dens i ty ,  t h e  n e t  r a d i a t e d  power can be approximately 
computed by  knowing the  so l id  angle  of  emiss ion  o r  t h e  
c r i t i c a l  a n g l e .  The  cone i n t o  which the  poin t  source  
r a d i a t e s  is shown i n  F i g u r e  6 and 8 i  r e p r e s e n t s  the 
c r i t i c a l  a n g l e .  The a r e a  of the  subtended  cone is 
A c one = 4n r2 s i n 2  e / 2  Eq. (7) 
(Ref. 4 )  Born  and  Wolf:  Principles of Optics ,  p.  40, 
Pergamon Press 
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and the r a t io ,  a, of the subtended cone t o  the sphere 
is  
a = S i n  e / 2  2 Eq. (8) 
For an index of r e f r a c t i o n  of 1 .61  f o r  the  source ,  a 
c r i t i c a l  angle  of 8, = 38.4" i s  produced. 
r: one of Emission 
Figure 6. Cone of  Emission Model 
" 
Consequently,  the output power from a source which 
r a d i a t e s  in  an  ex i t  cone  of 76.80" i s  10.6% of t h e  
power of that  source.  The r e s t  of t h e  power i s  trapped. 
It is  noted from the curves that  the  output  is  not 
r e s t r i c t e d  to any par t icular  viewing angle ,  but  the 
p a t t e r n  is generally uniform over a 140" x 140"  f i e l d  
of  observat ion.  
Conversion losses  - The ma jo r  f ac to r s  i n  de t e r -  
min ing  the  v i s ib l e  ou tpu t  qua l i t y  a re :  
a )  conve r s ion   e f f i c i ency  of f l u o r e s c e n t   m a t e r i a l  
b )  " t rapping"   o f   rad ia t ion  
c )   v i s i b l e   f i l t e r   c h a r a c t e r i s t i c s  
d )  phosphors  used. 
I tems (e)  and ( d )  w i l l  be p r e s e n t e d  i n  t h e  s e c t i o n  
t i t l e d  " P a s s i v e  F i l t e r s ,  Phosphors and Associated 
Research. I '  
Convers ion  e f f ic iency  of  f luorescent  mater ia l s  - 
It is known that numerous organic  dyes exis t  which have 
quantum conversion efficiencies of between 5% t o  100%. 
The most commonly known o rgan ic s  a re  : 
Reported Quantum 
Agent  Conversion  Efficiency 
Boric  Acid + phenathrene 10% (Ref. 5 )  
a c t i v a t o r  
Sa l i cy l i c  Ac id  
Benzene + an th racene  ac t iva to r  
Anthracene + pentacene 
P l a s t i c  + benzene  ring  dyes or  10% (Ref. 5 )  
Uranine + Hz0 
Rubrene + Hexane 
a c t i v a t o r  
salts 
(Ref. 5 )  J. DeMent, Fluorochemistry,  Chemical 
Publ ishing Co., N. Y. 11945 
(Ref. 6 )  A l l i s o n ,   e t  a l ,  J.  O p t i c a l   S o c i e t y  Am. pp. 54, 
747, 1964 
(Ref. 7 )  Pringsheim & Vogel,  Luminescence of Liquids  
and  So l ids ,  In t e r sc i ence ,  New York 1955 
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By experiment, i t  was determined tha t  dyes  ob- 
ta ined from the Switzer  Co. have equivalent quantum 
ef f ic ienc ies  and  possess  very  low o p t i c a l  d i f f u s i o n .  
I f  one  assumes t h a t  a p r a c t i c a l  quantum e f f i c i e n c y  
of 75% can be reproduced, the model predictions w i l l  
be more conserva t ive .  
Various glasses  were inves t iga ted  and  some quan- 
tum e f f i c i e n c i e s  were found t o  be as high as poss ib ly  
60% to 80% f o r  uranium oxide doped glass. (Ref. '8) 
S t o k e s '  law s t a t e s  that  i f  an incident  photon 
whose energy i s  h y i ,  s t r i k e s  a f l u o r e s c e n t  s t r u c t u r e ,  
the photon w i l l  re-emit with an energy of hy,, where 
y i  > yo, and  the  absorbed  energy i s  h ( y i  - y o ) .  y o  
i s  u s u a l l y  f i x e d  for a ma te r i a l  and  t o  ob ta in  
f luorescence ,  yi > yo  must be a t  l e a s t  s a t i s f i e d .  
If the f l u o r e s c e n t  m a t e r i a l  i s  s t imu la t ed  by a 
photon whose energy i s  E i  = h y i ,  the  ne t  input  energy  
E i  ( 9 )  f o r  q photons is  
Energy input flow or power is  then 
dq, he 
The emit ted number of photons are q, 
where qo  = q qi  
where q = t h e  quantum e f f i c i e n c y  
Energy  output i s  then 
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and the  output  power is  
dEo - 
" 
- 
d t  d t  
Since 
- 'i'i'z hc 
- hc X. 
If x, - x i  - + ax 
where 41 i s  the wavelength difference between the 
input and output 
Xipi 
x i  + 41 Eq. (12) - - 
So the o v e r a l l  power e f f i c i e n c y  is  then 
The power c o n v e r s i o n  e f f i c i e n c y  f o r  any material  must 
be less than  the  quantum e f f i c i e n c y  by t h e  f a c t o r  
For example, uranium oxide glass emits a t  550 mp and i s  
s t imu la t ed  a t  330 mp. The quantum e f f i c i e n c y  i s  80%~ 
a n d  t h e  o v e r a l l  power conversion i s  48%. 
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Fi l t e r  Requirements 
The W f i l t e r  a n d  t h e  v i s i b l e  f i l t e r  have no 
common pass  band. As shown previously,   the  concept 
of the  n o n - r e c i p r o c a l  f i l t e r  i s  that v i s i b l e  or am- 
b i e n t  r a d i a t i o n  t r a v e l s  i n t o  t h e  f i l t e r  and i s  com- 
pletely  absorbed.  Nothing  remains t o  be r e f l e c t e d  
from m e  d i f f u s e  phosphor  back t o  the observer . '  Due 
t o  n o n - i d e a l  p r o p e r t i e s ,  t h e  f i l t e r s  s e l e c t e d  e x h i b i t e d  
c e r t a i n  p r o p e r t i e s  i n  t h e  s t o p  band, which produced 
ambient  re f lec t ions  from the phosphor back t o  t h e  
observer .  
Two f i l t e r s  d e f i n e d  by TW and TVIS t ransmiss ion  
func t ions ,  as  shown i n  F i g u r e  7 a r e  s u b j e c t e d  t o  in -  
c i d e n t  r a d i a t i o n  whose spectrum is  S(X) .  It i s  f u r t h e r  
assumed that  the  phosphor  d i f fuse ly  r e f l ec t s  50% of the  
inc iden t .  The i n c i d e n t   s i g n a l  on the  phosphor is  the re -  
f o r e  Tw(X) S(X) a n d  t h e  r e f l e c t e d  s i g n a l  t o  the 
observer  So(X). 
It can be seen 
passed through 
the  ssop bands 
that  S(X) is  a t t e n u a t e d  as though it  
t h e   f i l t e r s   t w i c e .  As an  example, i f  i n  
T T ~  = TVIS = 0.01 a n  o v e r a l l  a t t e n u a t i o n  - 
of 108 r e s u l t s .  Thus,  any pa i r  of f i l t e r s  with reason- 
a b l e  a t t e n u a t i o n  i n  t h e i r  " e x c l u s i v e "  band w i l l  s u f f i c e .  
W f i l t e r  r e q u i r e m e n t s  - Based on a sea rch  of 
available commercial  W f i l t e r s  of the  non- in te r fe rence  
type made from glass, i t  was determined that  b a s i c a l l y  
only one c l a s s  ex i s t s ,  depend ing  p r imar i ly  on the doping 
o r  c o l o r i n g  l e v e l .  T y p i c a l  f i l t e r s  a r e  the  Corning 
(Ref. 9 )  s e r i e s  as shown i n  F i g u r e  8. 
(Ref. 9 )  Anon: Glass   Color   F i l te rs ,   Ca ta log  CF-3, 
Corning Glassworks. 
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Figure 7. Ideal F i l t e r  Transmission 
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0 
Wave Length Millimicrons Wave Length Microns 
Figure 8. UV F i l t e r  Data 
Each f i l t e r  has the  undes i r ab le  f ea tu re  of 
passing  long 'wavelength  red as we l l  as W. Th i s  i s  
one reason why f i l t e r e d  W sources,  such as  lamps, 
general ly  have a r edd i sh  t i nge .  
nl S i n  el = n S i n  O 2  2 Eq. (15) 
The maximum d e v i a t i o n  of a r ay ,  e 2 ,  i n  the f i l t e r  is  
when el = 90".  
Of cour se ,  t he  in t ens i ty  is r e l a t i v e l y  low s i n c e  
(Ref. 10) t h e  r e f l e c t i o n s  become q u i t e  h-igh, for 
graz ing  ang le s  l a rge r  t han  the  po la r i z ing  ang le .  
- "__"""_.l .____ - ."""I_ --- 
Spread 
L 
UV F i l t e r  
Point of Phospllor Emission 
Figure 9. Spreading Image Model 
The po in t  spread t o  a spot,as shown,has a s i z e  
depending on the  va lue  d as 
D = spot  diameter  = 2d t a n  47" 
The normal  ray for g l a s s  w i t h  an  index  of  re f rac t ion  
of 1.47 is  more in t ense  than  the ray a t  47". The 
d i s t r i b u t i o n  of i n t e n s i t y  of t he  spo t  i s  not uniform. 
Where t h e  t o t a l  s o u r c e  r e f l e c t a n c e  is  50% (1/2 power 
p o i n t )  t he  angle  €I1 z 80" and €I2 4 45". 
D = .Ol" and 
I f  a r e s o l u t i o n  of 100 l ines / inch  is  chosen, 
o r  
d = 0.127 mm 
( R e f .  10) Jenkins & White,  Fundamentals of Optics,  
p. 511, McGraw H i l l  Book Company Inc .  
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The t r a n s m i s s i o n  c u r v e s  a r e  s i g n i f i c a n t l y  a l t e r e d  
from the  curves  shown f o r  f i l t e r  7-39, which a r e  d = 5 
mm. Using t h e  same coloring,  but  making d = 0.20 nun, 
w i l l  produce a new t ransmiss ion  T = Tor where r = ra t io  
of d t o  th ickness  or' f i l t e r  t o  prgduce transmission To. 
F i l t e r s  used during t h i s  r e s e a r c h  e f f o r t  were type 
7-54 and type 7-39, lapped down t o  0.5 mm. 
Figures  10 and '11 i l l u s t r a t e  t h e  p r i n c i p l e  of 
using s t a n d a r d  f i l t e r s  l a p p e d  down t o  0.5 mm. 
I 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 50( Wave Length, A ,  Mllllmlcrons 
Figure 10. S p e c t r a l   C h a r a c t e r i s t i c s  of Lapped F i l t e r s  
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SPECTRAL  CHARACTERISTICS 
OF LAPPED FILTERS 
Transmission of Corning 
CS-7-54 F i l t e r  vs .  Wavelengt 
- f i l t e r  3mm t h i ck  (published data) 
f It r "- fcafcuPA2%lthick 
, , f i l t e r  0 5 k ' t h i c k  
( a c t u a l )  
~ 
Figure 11. S p e c t r a l   C h a r a c t e r i s t i c s  of  Lapped F i l t e r s  
~~ 
The passband requirements  are  ideal ly  that  t h e  
f i l t e r  p r o v i d e s  10% t r a n s m i s s i o n  i n  t h e  W and 0% i n  
t h e  v i s i b l e .  The f i l t e r s  shown w i l l  s u f f i c e  wi th  t h e  
e x c e p t i o n  o f  f i l t e r  No. 7-54. 
W Phosphors and Associated Research 
As p r e v i o u s l y  i l l u s t r a t e d ,  t h e  c o m p o s i t e  f i l t e r  
must have a W phosphor coating on t h e  W f i l t e r   s i d e  
i n  o r d e r  t o  genera te  a W image. The most commonly 
known W phosphor i s  JEDC Type P-16. 
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A g r e a t  d e a l  or" i n v e s t i g a t i o n  has been  done i n  t h e  
pas t  and  a l i t e r a t u r e  s e a r c h . r e v e a l e d  t h e  f o l l o w i n g  
phosphors t o  be b e t t e r  t h a n  P-16. The l i t e r a t u r ' e  s e a r c h  
i s  found  in  Appendix A . l .  The best  references  were:  
Name -
1. Contract  No. 9044g/AD 472680 
2.  Contract '  No. AF33 (657)8985/AD 
Calcium S i l i c a t e :  l e a d  
3 
Barium S i l i c a t e :  l e a d  
BaSiO : Pb 3 
Calcium Borate:  lead 
Ca(B02)2:Pb 
CaSiO :Pb 
Ca lc ium S i l i ca t e :  Cadmium 
CaSiO :Cd 3 
Strontium Calcium Zinc 
S i l i c a t e :  lead 
SrCaZnS1207 : Pb 
Pea IS 
Emission 
441857. 
Brightn, pss o r  
Output  Eff ic iency 
ComDared t o  P-16 
3380 
3520 
0 
2700 A 
3550 i 
3260 
2 
2 
1 
1 
.85 
Report AD441857 l i s t s  a l a r g e  number of W phosphors 
and  p rov ides  an  exce l l en t  r e fe rence .  AD 472680 provides 
de ta i led  r e s u l t s  o f  a few promising compounds. 
The conclusions were t h a t  bo th  the  Calc ium Si l ica te :  
Lead and Barium Si l icate:  Lead a re  supe r io r  t o  P-16 i n  
terms of output,  spectrum  and l i f e .  Current  ubes  under 
s t u d y  i n  f a c t  employ the special ly  prepared calcium 
s i l i c a t e :  lead which is  s u p e r i o r  t o  P-16. 
Materials  Research 
A s u b s t a n t i a l  p o r t i o n  of t h i s  R & D e f f o r t  was 
devoted t o  the  s tudy  and  se l ec t ion  of the best  f l u c -  
r e sc ing   ma te r i a l .   F luo rescen t  compounds a r e   g e n e r a l l y  
d iv ided  in to  two d is t inc t  a reas ,  o rganic  and  inorganic .  
Organics - S u p e r f i c i a l l y ,  it may appear t ha t  the 
organics have many advantages over inorganics; namely: 
ef f i c   i ency  
v a r i e t y  
s impl ic i ty  in  manufac ture  
low c o s t  
ease of handling 
It was decided t o  conduct a f u l l  i n v e s t i g a t i o n  on 
t h e  var ious organic  compounds. 
It was ascer ta ined  tha t  successfu l  manufac ture  of  
a CRT r e q u i r e s  t h e  baking of t h e  e n t i r e  (Ref. 11) tube 
a t  4 1 0 ° C  t o  produce a use fu l   l i f e .   Unfo r tuna te ly ,   t he re  
is no known organic (excepting Teflon) which remains in- 
t ac t   unde r  these condi t ions .  Nevertheless, t h e   i n i t i a l  
r e sea rch  e f fo r t  devo ted  t o  organics  was extremely useful  
in  theore t ica l  model ing  and  in  the  r a p i d  s e t u p  of 
experiments. 
The research provided a vast  wealth of data  on these  
compounds; t h e  r e s u l t s  a n d  f i n d i n g s  a r e  summarized i n  
Appendix A .  2. 
It should be noted that t he  f luo rescen t  films 
re fe renced  in  the  Appendix a r e  a l l  about 0.005" th i ck .  
It was observed that such a t h i n  f i l m  w i l l  completely 
absorb   the   input  W up t o  the  wavelength  of  emission.  In 
employing such thin f i l m  organics  as the  ac t ive  e lement ,  
the  image will not  be spread and t h e  W will be completely 
absorbed   for   re -emiss ion .   In   addi t ion ,   the   o rganic  films 
a r e  c l e a r  a n d  do no t  d i f fuse ly  r e f l ec t  ambien t  i l l umina t ion .  
T h i s  is  d i s c u s s e d  i n  g r e a t e r  d e p t h  i n  Appendix A.2. 
( R e f .  11) P r i v a t e  Communication: P. Sea t s ,  Thomas 
E lec t ron ic s  
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Inorganics  - Upon completion of the basic experi-  
mental work w i t h  organic  f luorescence,  glass  systems 
were inves t iga t ed   fo r   u se   i n  a s e a l e d   t u b e .   I n   r e c e n t  
years ,  l aser  technology has  created a new l e v e l  of a r t  
i n  h i g h l y  e f f i c i e n t  f l u o r e s c e n t  m a t e r i a l s ,  as  t y p i f i e d  
by ra re  ear th  doped g l a s ses .  
Cast 6" x 6" blocks of uranium oxide glass were 
procured  from  Corning  Glass Works.  Uranium oxide i s  
repor ted  t o  have  quantum e f f i c i e n c i e s  o f  75% (Ref. 1 2 ) .  
I n i t i a l   t e s t s  with a long wavelength W lamp showed 
t h a t  t he  e n t i r e  c a s t  slab f luoresced,  which suggests  that  
t he  W is not  absorbed  in  the f irst  inc iden t   l aye r .  To 
d u p l i c a t e  the  o rgan ic  th in  f i l m  r e s o l u t i o n ,  i t  was sug- 
g e s t e d  t h a t  t h e  Uranium  Oxide g l a s s  be lapped down t o  a 
th ickness  or' 0.005". The ques t ion  i s  then, how t h i n  
should the s l ab  b e  lapped down and y e t  absorb a high 
percentage of the W? 
I n  a method s i m i l a r  to those  employed f o r  i n v e s t i -  
g a t i n g  the t h i n  f i l m  o rganics ,  an  8 mm s e c t i o n  was evalu- 
a t e d  i n  terms of  t ransmiss ion ,  spec t ra l  response  and  
r e l a t i v e  power output .  The d e t a i l e d  data is p l o t t e d  i n  
F igure  12 .  
F u r t h e r  i n v e s t i g a t i o n  i n t o  the f l u o r e s c e n t  pheno- 
menon p roduced   an   i n t e re s t ing   r e su l t .  The spec t ro-  
f luorometer  instrumentat ion used a s  a source of tunable  
narrow band energy produces essentially a na r row co l l i -  
mated beam. If   the   input   wavelength i s  s e t  f o r  380 
mil l imicrons ,  a top  v iew observa t ion  would show a green 
column  of l i g h t  i n  the g l a s s  a l o n g  t h e  same path as  the  
W path  (Reference  Figure 13) .  The f a c t  t ha t  i t  is a n  
observable  ind ica t ion  means that  the W i s  s t i m u l a t i n g  
t h e  c o l o r  c e n t e r s  which i n  t u r n  emit i s o t r o p i c a l l y .  As 
the  input  wavelength is shortened,  i t  is observed  that  
the   g reen  column becomes a green  cone.   Final ly ,  f o r  
A = 330OA , the cone vanishes t o  a po in t .  
(Ref. 1 2 )  Pr iva te  Communication: Dr. Dalton  and Dr. 
Reade, Corning Glass Works,  March 7, 1967 
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Wave Length, X , (Millimicrons) 
Figure 12.  Spec t r a l   Cha rac t e r i s t i c s   Corn ing  Glass No. 3750 
Thin  Spot  Sllght 
Surface of Spot 
on  Incident  Buldge 
"CriticBI 
Point" 
Top Vieu of Olass Sample Observation 
of No. 3750 Olass I l l u s t r a t i n g  Absorp- 
t ion deDth. 
Left  Uniform Width, Unlfon 
Bright Spot on  Uniform Beam 
Beam Width Brightneea 
Figure 13. Observation .of Glass 
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T h i s  observa t ion  shows tha t  by using a s h o r t  wave 
W phosphor, the image w i l l  be regenera ted  a t  f l u o r e s c e n t  
wavelengths without spreading, as though the glass were 
a t h i n  f i l m .  This i s  a most u s e f u l  p rope r ty  and  an  
a n a l y t i c a l  d e s c r i p t i o n  is formulated.  
(Ref. l3), it can be  shown t h a t  s i m i l a r  r e s u l t s  a r e  ob- 
t a ined  with X-ray bombardment. We w i l l  assume t h a t  the 
X-ray model can be extended t o  the longer wavelength such 
a s  W. 
shown in  F igu re  1 4 ,  has i n c i d e n t  r a d i a t i o n  I, t h e  e x i t  
rad ia t ion  through a th ickness  of ax is then  I + 81 ;  
t ransmiss ion  T is  def ined  as 
According t o  r e l a t i v e l y  w e l l  known X-ray theory 
Assuming that  a slab of non-sca t te r ing  material, as 
T = output / input  = I + a 1  I Eq. (16; 
and absorpt ion a = 1 -T. 
dx 
I 
- 
I(X,X) 
1 
Figure 14. Absorption Model 
(Ref. 13) Andrews - O D t i c s  of the Electromagnetic . - 
' Spectrum, pp. 353, P r e n t i c e  Hall, Inc .  
Hoag, Koff - Electron and Nuclear  Physics ,  
PP. 207, D.V. Van Nostrand Co., Inc.  
- 
Lgighton - P r i n c i p l e s  of Modern Physics,  
pp. 421, McGraw H i l l  Book Co., Inc.  
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I n  genera l ,  
T ( X , X )  = I @,x)  + a I (X ,X)  I (x, X )  
Therefore ,  
= - O ( X )  I (x,x) 
Where o ( X )  i s  def ined as t h e  l i n e a r  a b s o r p t i o n  
c o e f f i c i e n t  
Therefore ,  - = - I ( X , X )  O ( X )  ax 
The c l a s s i c a l  s o l u t i o n  t o  t h i s  d i f f e r e n t i a l  
equat ion i s  
I ( X , X )  = I ( X , O )  8 -OX Eq. (18) 
According to accepted X-ray theory,  it was found 
that o v a r i e s  with wavelength as the  t h i r d  power. A 
normalized (5 can be def ined  as an  abso rp t ion  c ros s  
s e c t i o n  0 . a 
32' 
Therefore ,  
W = chemical atomic weight 
No = Avogadro's number 
p = mass dens i ty  
s o  
(5. (x) = Ckl 2413 
and 
The c o e f f i c i e n t  Ckl i s  a c o e f f i c i e n t  a c t i n g  as a 
t r ans i ' t i ona l  p robab i l i t y  coe f f i c i en t  and  varies de- 
pending on the energy  levels   considered.  This  c o e f f i c i e n t  
should remain constant over bands of wavelengths and then 
change abruptly.  
So we let 
a ( x )  = OX 3 
We would expect u to v a r y  as descr ibed ,  s ince  
( pNo z4) u =  W 'kl 
Since  
I (XJ) = I(0,X) c -0 (x )x 
-ax x 3 = I(0,X) 6 
Theref  ore,  
L 
-aX x - 3  T = c  
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By knowing t h e  t ransmission of t h e  m a t e r i a l ,  o can 
be p l o t t e d  a s  shown in  F igu re  15, and it is c l e a r  t h a t  
the curve behaves as expected. 
Wave Length, X, Millimicrons 
Figure 15. Absorpt ion  Coeff ic ient  VS. 
Wavelength o f  No. 3750 Glass 
The conclusion is  t h a t  a t h i c k  g l a s s  may be used 
wi thout  degrading  reso lu t ion ,  provided  the  exc i ta t ion  
wavelength is f a r  enough down i n t o  i t s  i n t r i n s i c  
abso rp t ion  band. 
Pass ive  o r  V i s ib l e  F i l t e r  Requ i remen t s  
The mechanism  of t h e  p a s s i v e  f i l t e r  is f a i r l y  
s t ra ight forward  and  i t s  select ion has  been mainly that  
of a sea rch  of r e a d i l y  a v a i l a b l e  m a t e r i a l s .  The 
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requirements of the f i l t e r  a r e  summarized as fol lows:  
1) pass   the  s t imulated  emit ted  output   un-at tenuated.  
2 )  absorb  wavelengths   which  s t imulate   the  f luorescent  
m a t e r i a l .  
3) no s c a t t e r i n g  t o  i n c i d e n t   r a d i a t i o n .  
The s imples t  type  is  p l a s t i c  base, such as  pigmented 
a c r y l i c  , which may be brushed on t h e  f ace  of the tube.  
The g l a s s  t ype  of f i l  t e r ,  p a r t i c u l a r l y  " s h a r p  c u t "  
f i l t e r s ,  must be chosen with care ,  s ince the atomic a b -  
sorp t ion  of ten  possesses  re la ted  tendencies  towards  
fluorescence,  which would de fea t  t he i r  pu rpose .  
F igures  16, 17 and 18 p l o t  t y p i c a l  p l a s t i c  , f i l t e r s .  
SPECTRAL  CHARACTEEISTICS 
GREEN FILTER 
Verdgreen - Al l i ed  Chemical 
National Analine Division 
Wave Length, A ,  Millimicrons 
Figure 16. S p e c t r a l   C h a r a c t e r i s t i c s   G r e e n   F i l t e r  
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Figure 17. S p e c t r a l   C h a r a c t e r i s t i c s   G l a s s   S t a i n   C o l o r   F i l t e r  
I SPECTRAL  CHARACTERISTICS ACSTATE  COLOR  FILTER 
300 350 400 450 500 550 600 650 700 
Wave Length, X, (Millimicrons) 
Figure  18. S p e c t r a l   C h a r a c t e r i s t i c s   A c e t a t e   C o l o r   F i l t e r  
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Results of CRT Prototype Manufacture 
The preceding  sec t ions  dea l t  main ly  wi th  the  tech-  
n ica l  requi rements  of i n d i v i d u a l  components and related 
theo r i e s .  The fo l lowing   s ec t ion  w i l l  descr ibe   the  
In t eg ra t ed  r e su l t s  i n  an  ope ra t ing  dev ice .  
Demountable Tubes 
A demountable type vacuum system was obtained and 
s e t  up t o  pump out  the  neck  sec t ion  of e i t h e r  a 5 AD or  
a 5 CK. The system is f i t t e d  with a 90" elbow, a 
s t r a i g h t  p i p p l e  and a q u i c k  d i s c o n n e c t  f i t t i n g  which i n  
t u r n  f i t s  o v e r  t h e  pumping sec t ion  of  the  tube .  F igure  
19 shows the  appara tus  comple te ly  se t  up. With t h e  4" 
CVC system as shown, an ion gauge reading pressures  of  
3 x 10-7 mm Hg were obtained wi th  the  ba f f l e  l oaded  with 
l i q u i d  n i t r o g e n .  
Tubes purchased had a pumping port  and a c u t  o f f  
f a c e p l a t e .  The tube   s ide   and   facepla te   s ide   were  
lapped down t o  provide a proper  sea l .  The s e a l  c o n s i s t s  
of  the  assembly shown i n  F i g u r e  20. The seal  proved 
extremely rel iable  and leak-proof  in  repeated assembly 
and disassembly. 
Faceplate  Configurat ion 
The f a c e p l a t e s  u s e d  c o n s i s t  of the assembly shown 
in  F igu re  21. The f l u o r e s c e n t  m a t e r i a l s  u s e d  i n  t h e  
f i r s t  exper iments  were ,  o rganic ,  s ince  baking  is  no t  re- 
qui red  f o r  a cont inuously pumped system. It was 
observed that  the  organics  tended  t o  i n i t i a l l y  o u t g a s  
when they were pumped, b u t  s t a b i l i z e d  a f t e r  a period of 
about  two hours.  
T e s t s  were conducted in  the  fo l lowing  o rde r :  
Tes t  No. Sample-Composition  Observations 
1, P-1 sc reen  Tube operated as 
CRT. 
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Figure 19. Photo of  Demountable  Equipment 
38 
39 
R u b b e r  Gasket 
S il ic one 
I n s i d e  View 
Samples 
- Vacg!lm Cement 
Cross  Sect ion 
W F i l t e r  
Thin  Fluorescent  
Organic Film 
Figure 21. Organic  Faceplate  Construction 
40 
Test  No. SamDle-ComDosition 
2 Screen a :  P-1 
Screen b: Vycor s l i d e  
with P-16 + Ql5  
S c r e m  e :  W f i l t e r  
w i th  P-16 and Q.15 
Screen d: W f i l t e r  
with P-16 and Q.15 
3 Screen a :  W f i l t e r  
with P-16 s t r i p s  of' 
Q13, Q15, Q.17 
Screen b: W f i l t e r  
wi th  calcium s i l i -  
c a t e :  l e a d  s t r i p s  
of Q13, Q15, Q.17 
Screen e :  P-1  s l i d e  
Observations 
P - 1  s e c t i o n  
s l i g h t l y  b r i g h t e r  
than P-16 screens  
(due t o  poor P-16 
depos i t  i o n )  
Ql7 b r i g h t e s t ,  
~ 1 6  screen about  
equal  t o  calcium 
s i l i c a t e :  l e a d  i n  
b r igh tness ,   be t t e r  
than P-1, good 
c o n t r a s t  with r i g h t  
v i s i b l e  f i l t e r  
It was observed that the emission of the various 
tubes was much lower than expected,  and that  the gr id  had 
t o  be dr iven  t o  nea r ly  0 v o l t s  t o  obtain any emission a t  
a l l .  This  f a c t  was confirmed as be ing  typ ica l  of a cold-  
demountable  (Ref. 1 4 )  system. 
It was a l s o  o b s e r v e d  t h a t  t h e  image  would not become 
b r i g h t e r  as the anode potent ia l  was increased  beyond 6 KV, 
due t o  space  charge  accumulation. Two methods e x i s t  t o  
e l imina te  t h i s  problem. 
. Aluminizing  the  phosphor 
. Employing a t ransparent   conduct ive   coa t ing  on the  
f a c e p l a t e  ( t i n  o x i d e )  
Af t e r  t he  tube  was s t r i p p e d  down f o r  f u r t h e r  e x p e r i -  
ments, a t i n  o x i d e  c o a t i n g  was a p p l i e d  t o  the  W f i l t e r s .  
The conduct ive  sur face  is then t ied back t o  the  h igh  
voltage  anode by means of a g r a p h i t e  f i l m  (Aquadag). It 
was found  tha t  add i t iona l  b r igh tness  was obta inable  by 
then  ra i s ing  the  anode  t o  as h igh  a s  l5KV.  I n  g e n e r a l ,  as 
is  t y p i c a l  of s i l i ca t e  phosphors ,  h igh  anode  po ten t i a l s  
(Ref. 1 4 )  P r i v a t e  Communj.cation: P. S e a t s ,  Thomas 
Elec t ronics ,  February  17, 1967 
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a r e  d e s i r a b l e .  The e l ec t r i ca l   s chemat i c  of the   appara tus  
i s  shown i n  F i g u r e  22. 
Deflection Focus 
c o i l  
1 
30kv H.V. 
Power Supply 
Model PN-30. 
Spellman H.V 
co. 
ewlett-  
, 
Power Design 
D.C. Poker 
Model 3240 
Supply 
0 - 3 2 ~  Dc 
0-12.6~ a.c. 
Filament Volt. 
Bias 0-2OOv d.c. 
Accelerator 0-2kv 
Cathode - Ground d.c. 
Hartman-Huyc 
Filament-Bia 
Accelerator 
Power Supply 
1. Deflection  Coil - Syntronics  Inst . ,   Inc.  Type n6-AA6p 
2.  Focus Coil - Syntronics  Inst.,   Inc. Type F20C 
Figure 22. E lec t r i ca l   Schemat i c  
I n o r g a n i c  F i l t e r s  
To produce  prac t ica l  tubes ,  a completely inorganic 
system was cons t ruc ted  us ing  t h e  f a c e p l a t e  a s  shown i n  
Figure 23.  
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r F l a t  S e a l i n g  Edge 
Fluorescent  Glass  
P a s s i v e  F i l t e r  
(Th in  Fi lm) 
Figure 23. Inorganic   Facepla te   Cons t ruc t ion  
Two phosphor  samples  were  employed: P-16, which 
emits near 380 mil l imicrons  and  ca lc ium s i l ica te :  l ead  
which  emits  near 338 millimicrons.  Both  phosphors 
s t imulated the uranium oxide glass  and produced about  
e q u a l   i n t e n s i t i e s .  The d i f f e r e n c e  is  t h a t   t h e  P-16 
spread  the  image as expected,  whereas  calcium si l icate:  
lead phosphor  re ta ined the image r e s o l u t i o n  d e f i n e d  by 
the  W f i l t e r .  T h i s  is  i n  a c c o r d  with the  experiments 
and  p red ic t ions  shown i n  t h e  s e c t i o n  t i t l e d  "Extended 
Theory of Glass   and  Resul ts ."  - 
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Sealed O f f  Tubes 
To prove the ent i re  theory and experiments ,  a 
sea led  of f  tube  was constructed,  employing the above 
inorganic  Cechniques. The tube was turned on and 
functioned  immediately. An observat ional   check was 
then made as a f i n a l   t e s t  o f  cont ras t .  
With the  tube  d i sp lay ing  a l i s s a j o u s  f i g u r e  on the 
high contrast  background, a 250 watt photoflood lamp was 
d i r e c t e d  on the  screen  from 10 inches away. The  image 
remained   c lear ly  v i s i b l e .  The  only  diff icul ty   observed 
was the  specu la r  r e f l ec t ion  wh ich  h ides  the  p a t t e r n  if 
observed i n  t h e  d i r e c t  path.  Later t e s t s  wi th  650 watt 
photoflood lamps s t i l l  y ie lded  a c l e a r l y  v i s i b l e  image. 
Measurements of c o n t r a s t  r a t i o  y i e l d e d  a f i g u r e  of 0.70 
under 650 watts i l l umina t ion  a t  a d i s t ance  of 2 f e e t ,  
app rox ima t ing  fu l l  sun l igh t  cond i t ions .  
The fol lowing table  compares the  CRT as f ab r i ca t ed ,  
t o  a Dumont osc i l l o scope  under the fol lowing condi t ions :  
TABLE I 
CONTRAST  COMPARISONS 
I LIGHTING CONDITION 
bi oom Light ing  
650 W i od ine  lamp a t  4 '  
(normal-sunlight 
equiva len t  ) 
650 W iodine lamp a t  2 '  
(max. - sun l igh t   equ iva len t )  
corn 
High Contrast  
CRT 
0.99 
0.75 
0.70 
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Osc i l l o s c  ope 
0.91 
0.13 
0.11 
2nd Anode 
?o ten t  i a l  
( W  
1s 
15 
15 
15 
15  
10 
10 
10 
10 
10 
5 
5 
5 
5 
5 
TABLE I1 
HIGH CONTRAST  CRT CHARACTERISTICS 
Screen  
3r ightness  
(fl) 
15 
25 
30 
40 
40 
5 
8.5 
10 
11 
12  
.6  
99 
1.1 
1.1 
1.1 
3eam Power 
Dens ity2 
(wat t s / in  ) 
7.8 
10. g 
12 .0  
12.2 
1 2 . 1  
3.6 
4.1 
3.9 
3.1 
3.8 
.65 
90 
1.00 
1.02 
1.01 
The tube is ra ted f o r  1600 pa cur ren t ,  bu t  on ly  
under scan  cond i t ions .  
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Recommendation 
A number of areas now remain t o  b e  i n v e s t i g a t e d  i n  
order  t o  optimize and manufacture the CRT on a reasonable  
s c a l e .  The a r e a s  oi' most  importance: 
. Develop a method of f a b r i c a t i o n  o f  t h i n  a n d  l a r g e  
. S t u d y   f l u o r e s c e n t   g l a s s e s ,   p a r t i c u l a r l y   t h e  rare- 
. Refine t h e  W phosphors  for maximum e f f i c i e n c i e s .  . Develop a s e l e c t i o n  o f  optimum v i s i b l e  f i l t e r s  
a r e a  W f i l t e r s .  
ear th  v a r i e t y ,  t o  o b t a i n  c o l o r  v a r i a t i o n s .  
fo r  each  g l a s s  s tud ied .  
Conclusion 
A cathode ray tube has been  developed,  employing  non- 
r e c i p r o c a l  o p t i c a l  f i l t e r i n g  t e c h n i q u e s ,  c o n s i s t i n g  of 
the best  prac t ica l  combina t ion  of  phosphor ,  f luorescent  
m a t e r i a l  a n d  p a s s i v e  f i l t e r s .  
High c o n t r a s t  was achieved  even  under  d i rec t  sunl ight ,  
v e r i f y i n g  a l l  previous theories  and experiments .  
These methods and techniques of the high c o n t r a s t  r a y  
tube w i l l  lend themselves t o  a brand new depth of d i sp l ays .  
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APPENDIX B 
ORGANIC MATERIAIS 
The data p r e s e n t e d  i n  t h i s  s e c t i o n  was amassed during the course of the 
research effort .  Although it  was discovered that organics cannot be used i n  CRT 
work because i t  poses  diff icul t  problems,  the data, compiled in  the course of 
the work, is assembled and presented for reference purposes., since it may be 
u s e f u l  t o  o t h e r  r e s e a r c h e r s  i n  a l l i e d  areas. 
Table B-I summarizes var ious  proper t ies  of  the  most commonly knovm f luorescent  
dyes under five basic groups.  
Table B- I Ia  and B-IIb summarize var ious  p las t ic  mat r ices  wi th  Auramine 0 and 
corresponding solvents. 
Table B- I I I a  summarizes t h e  b e t t e r  p l a s t i c s  w i t h  a large number of Solvents 
out l ining the degree of s o l u b i l i t y .  
Table B-IIIb summarizes s o l u b i l i t y  of r a r e  e a r t h s  i n  s o l v e n t s .  
TABLF: B-I  
PROPERTIES OF  LUORESCENT  DYES - STJIJ?ONAMEL * 
Switzer  Sulfonamel  Plast ic  dissolved in  a 1:l so lu t ion  of Diacetone Alcohol & 
Acetone (250 m l  diacetone alcohol 250 m l  acetone; 50 grams sulfonamel) 
Name of dye sample 
Group I: 
Rhodamine B Base 
Auramine 0 
Fluorescein - A l k a l i  
& Alcohol Soluble 
Primulin 
Fluorescein 
Naphthacene 
Rhodamine 6B 
Group 11: 
Anthracene 
Chrysene 
Pyrene 
9-Methylanthracene 
4, Tetraphenyl - 
1,3, Butadiene 
2,5, Dephenyloxazole 
Fluorescent 
under W 
yes - red 
yes - yellow 
no 
yes - pale green 
no 
no 
yes - r ed  
yes - lavender 
yes - lavender 
yes - pale  blue 
no 
yes - pale  blue 
yes - pale blue 
Imb i e n t  
Color 
rose 
yellow 
Zlear 
very pale  
green 
pale 
orange 
c l e a r  
rose 
c l e a r  
c l e a r  
l i g h t  
amb e r  
amber 
c l e a r  
c l e a r  
S o l u b i l i t y  
dissolves  well i n  matrix 
some sedmen t  
dissolves well ,  but not 
enough dye 
some sediment 
d i sso lves  wel l  
p a r t i a l l y  d i s s o l v e s  
some sediment 
p a r t i a l l y  - some sediment 
p a r t i a l l y  - some sediment 
peak e x c i t a t i o n  a t  33011 
p a r t i a l l y  - some sediment 
dissolves  wel l  
p a r t i a l l y  - q u i t e  a b i t  of 
sediment 
dissolves  wel l  
* Composition of Sulfonamel is a polymer mixture of  melamine,  formaldehyde. 
sulfonamide, manufactured by Switzer Bros., Cleveland, Ohio. 
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TABLE B-I 
PROPERTIES OF  LUORESCENT DYES - SULFONAMEL (cont 'd)  
Name of dye sample 
Group I I : ( con ' t )  
9, 10, Dichloroan- 
thracene 
Quinoline 
Carbazole 
Quinine Sulphate N.F 
8, Hydroxyquinoline 
Fluorescent 
Color under W 
Ambient 
I 
yes - pale blue 
no 
yes - lavender 
no 
no 
lpale 
lyellow 
l i g h t  
amber 
white 
c l e a r  
l i g h t  
amber 
S o l u b i l i t y  
p a r t i a l l y  - some sediment 
dissolves  in  diacetone alcohol  
l i q u i d   t o  start  with 
does not dissolve 
par t ia l ly  - some sediment 
p a r t i a l l y  - some sediment 
The dye samples i n  Group I1 that  only partially d isso lved  in  the  d iace tone  a lcohol ,  
acetone solut ion,  were then mixed with other  organic  solvents  in  order  to  f ind a 
so lvent  tha t  would completely  dissolve  the dye  sample.  Carbazole; 1 ,1 ,4 ,  - 
Tetraphenyl - 1,3, - Butadiene; and Chrysene were each mixed individually with 
Methyl alcohol, Toluene, Xylene, Methyl Ethyl Ketone, Pentyl acetate and Hexane 
but none of these solvents  dissolved the dye sample. 
Group III:* 
I Acridine red 
I1 Pyronin "B" 
I11 Methylene Blue 
N Acrif lavine 
Hydrochloride 
V Methylene  Blue 
(Double ZN S a l t )  
V I  Acridine 
VI1 Acridine Orange 
VI11 Uranine (Hz0 
so l .  ) (Na Fluorescein] 
IX Safranin "0" 
yes - red 
yes - red 
no 
yes - pale  
green 
no 
yes  ( c r y s t a l  
form only blue) 
yes - orange 
yes - yellow- 
green 
yes - pink 
r ed  
red 
blue 
yellow- 
green 
blue 
co lo r l e s s  
orange 
orange 
Pink 
dissolves  well 
dissolves,  sl ight sediment 
soluble ,  s l ight  sediment  
soluble  
soluble ,  s l ight  sediment  
soluble  
soluble ,  s l ight  sediment  
soluble  
soluble  
Solvent used to test  above dyes  - Switzer Sulfonamel Plastic (80 grams) dissolved 
i n  500 m l  of 1:l diacetone alcohol and acetone. 
Name of Solvent I Fluorescent  under U. V. 
Methylene'Blue tested in the following solvents: 
S o l u b i l i t y  
Acetone 
Diacetone alcohol 
Xylene 
Methyl Ethyl Ketone 
*20 
no f luorescent  color  
no f luorescent  color  
no fluorescent color 
no f luorescent  color  
no f luorescent  co lor  
soluble  
soluble  
soluble  
soluble  
soluble  
* Test slides made of a l l G r o u p  I I I e x c e p t  numbers I11 and V. Samples run with both 
long and short  wave U.V. - f luorescent  co lor  more intense under short  wave lamp. 
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TABLE B-I 
PROPERTIES  OF  FLUORESCENT DYES - SULFONAMEL (con I t  . ) 
Name of Dye Sample 
Group IV: 
p-Bis [ 2 (5-Phenyloxazolyl 
Benzene 
p,p - Diphenylstilbene 1 
2-(l-Naphthyl) 5 Phenyl- 
oxazole 
2,5 - D i  Phenyloxazole 
Long & Short 
Wave U.V. Used 
yes - blue 
yes - blue 
yes - pale blue 
yes - pale blue 
Ambient 
Color 
co lo r l e s s  
co lo r l e s s  
co lo r l e s s  
co lo r l e s s  
Under 
u. v. 
blue 
none 
blue 
blue 
S o l u b i l i t y  
Soluble-color is 
of grea te r  in ten-  
s i ty  under  long 
wave 
s l i g h t l y   s o l u b l e  
co lo r   g rea t e r  
under long wave 
soluble-greater 
under Long wave 
soluble-s l ight  
sediment greater 
under long wave 
u. v. 
Solvent - Switzer Sulfonamel Plastic 
A l l  four of Group N gave g rea t e r  f l uo rescen t  co lo r  i n  so lu t ion  wi th  long  wave U.V. 
lamp.  The s o l i d  c r y s t a l s  of a l l  about equal in  f luorescent  intensi ty  under  both 
long and short  wave lamps. p, p i  - Diphenylstilbene mixed with solvent and allowed 
t o  dry gave no r e a c t i o n  t o  e i t h e r  l o n g  o r  s h o r t  wave U.V. 
Test s l i d e  made of 2(1-Naphthyl) 5 Phenyloxazole. 
Fluorescent 
Name of Chemical Under U. V. * 
Group V: 
Europium Chloride 
no Samarium Chloride 
no Europium E thy l su l f a t e  
no 
Samarium Acetate no 
Samarium S u l f a t e  no 
Terbium Chloride so lu t ion  - no 
c r y s t a l s  - yes, 
yellow-green 
c r y s t a l s  - yes, 
green 
Terbium S u l f a t e  so lu t ion  - no 
Ambient 
Color 
co lo r l e s s  
co lo r l e s s  
co lo r l e s s  
co lo r l e s s  
co lo r l e s s  
co lo r l e s s  
co lo r l e s s  
Under 
u. v. 
none 
none 
none 
none 
none 
none 
none 
S o l u b i l i t y  
soluble  in  sulfonamel  
soluble  in  sulfonamel  
soluble in sulfonamel- 
s l i g h t  sediment 
soluble  in  sulfonamel  
soluble  in  sulfonamel  
s o l u b l e   i n   s u l f  onamel 
soluble  in  sulfonamel  
* Long and short  wave lamps  used t o  t e s t  samples. No test  s l i d e s  made. 
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TABLE B-I  
PROPERTIES OF FLUORESCENT DYES - SULFONAMEL (con t ) 
Rare Earth Group Elements* 
Name of Chemical 
TRIS  (Salicylaldehydo) 
Samarium #920290 
TRIS (2,4  Pentanediono) 
Terbium #920799 
TRIS (1,3 Diphenyl 1,3 
Propandediono) Samarium 
TRIS (8-Hydroxyquino- 
l i n o )  Europium mi198 
TRIS [4,4,4 T r i f luo ro  
1- (Zf u ry l )  1,3 Butanedi- 
on01 Europium #921179 
TRIS (Salicyaldehydo) 
Neodymium #920447 
TRIS [4,4,4 T r i f luo ro  1 
(2 Thienyl) l , 3  Butane- 
diono] Samarium #920783 
TRIS ( l , l J l , 5 , 5 J 5  Hexa- 
Europium #921186 
f luoro)  2,4  Pentanedionc 
TRIS (2,4  Pentanediono) 
Thulium #921120 
TRIS (l,l,l Tr i f luo ro )  
2,4  Pentanediono 
Europium m i 1 8 2  
TRIS (2,4  Pentanediono) 
Europium #920969 
TRIS (Salicyaldehydo) 
Europium #lo0 
TRIS [4 ,4 ,4  T r i f luo ro  
1-(2 Thienyl) - 1,3 - 
Butanediono] Europium 
TRIS [4,4,4 T r i f luo ro  
1-(2 Thienyl) - 1,3 
Butanediono] Terbium 
m0970 
#990 
a553  
TRIS (5-Nitrosalicyl-  
aldehyde) Europium 
#9550 
TRIS (1-Phenyl 1-3 Buts. 
nediono) Terbium f i l l 3  
TRIS (l-Phenyl 1-3 BUta- 
#3989 
nedioio) Eurbpium 
TRIS (Salicylaldehydo) 
Cerium B O 3 1  
Fluorescent 
In  So l id  Form 
no 
yes - green 
no 
no 
yes - red 
no 
yes - pa le  
Pink 
yes - orange 
no 
yes - pink 
yes  - pale  rec 
no 
yes - red 
no 
yes - red- 
orange 
no 
yes - orange 
no some 
Soluble 
S u l f  onamel 
Yes 
yes - some 
sediment 
Yes 
Yes 
Yes 
yes - some 
sediment 
Yes 
Yes 
Yes 
Yes 
sediment 
yes - some 
sediment 
Fluorescent 
In   Solut ion 
no 
yes - yellow- 
green 
no 
no 
yes - bright  
red-orange 
no 
yes - pale  
orange 
yes - very 
pale orange 
no 
yes - pale  
Pink 
yes - very 
pale yellow 
no 
Yes 
no 
Yes 
no 
- red 
- orange 
yes - very 
pale orange 
no 
Remarks 
Pest s l i d e  made 
Pes t  s l ide  made 
Pest s l i d e  made 
r e s t  s l i d e  made 
r e s t  s l i d e  made 
* Source - Eastman Organics Div. 
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TABLE B-I  
PROPERTIES O F  FLUORESCENT  DYES - SULFONAMEL (Can't) 
Name of Chemical 
TRIS (Salicylaldehydo) 
Praseodymium #9116 
TRIS (1 Phenyl 1-3 Buta- 
nediono) Samarium #9119 
TRIS (Salicylaldehydo) 
Lanthanum #9117 
TRIS (1,3 D i  henyl 1,3 
mu854 
PropanedionoT Europium 
TRIS (1-Phenyl-1, 3 
#921057 
Butanediono)  Dysprosium 
Butanedlono) Holmium 
TRIS ( 1  Phenyl - 1,3 
#921058 
TRIS (l,l,l Tr i f luo ro  
2,4 Pentanediono) 
Samarium #921180 
TRIS (1,3 Diphenyl) 1,3 
Propanediono Terbium 
TRIS (Acetoacetanilido) 
Terbium #921181 
#920853 
Fluorescent 
Sulfonamel I n  S o l i d  Form 
Soluble 
I 
no 
no 
no 
yes - red 
no 
no 
no 
no 
yes - green 
yes - some 
red 
yes 
s l i g h t l y  
s o l .  
Yes 
s l i g h t l y  
s o l .  
Y €53 
yes - 
s l i g h t l y  
sol. 
ELVANOL 
Fluorescent 
In Solution 
no 
no 
no 
yes - pale 
orange 
no 
no 
yes - very 
pale green 
lemarks 
r e s t  s l i d e  made 
r e s t  s l i d e  made 
Elvanol (Dupont polyvinyl alcohol #71-30) mixed with some of the best  f luorescent  
mater ia l s  to  obta in  so lubi l i ty  and  f luorescent  qua l i ty  in  a p las t ic  b inding  
material other than Sulfonamel. 
Elvanol prepared by add i t ion  of 5 grams of polyvinyl  a lcohol  to  100 m l  of hot 50, 
mixed, allowed to cool.  Product  of  high  viscosity. 
Soluble 
Fluorescent Tilaterial 
Sample #%: 
ln Elvanol 
Rhodamine I'B" Yes 
Anthracene 
Rhodamine "6B" 
no I yes 
Switzer ~ 1 5  Pigment 
TRIS (5-Nitrosal icylal-  
no 
dehydo) Europium #9550 
Yes 
TRIS [4 ,4 ,4  T r i f luo ro  1 no 
(2 Furyl)  1,3 Butanediono] 
Europium 
Fluorescent 
In Solut ion 
yes - pink 
- 
yes - yellow 
- 
yes - pale  
orange 
- 
Elvanol polyvinyl alcohol) #71-30 d i l u t e d  by the  addi t ion  of :  
TRIS ( i -Nitrosal icylal-  
dehydo) Europium I yes lyes - very I 
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Remarks 
Weaker than Sulf onamel 
- 
Sulfonamel   bet ter  
- 
Sulfonamel better 
P a r t i c l e s  f l o a t  on 
surface 
TABLE B-I  
PROPERTIES  OF  LUORESCENT DYES (con t ) - ACRYLIC 
Liquid Acryl tc ,  c lear  checked for f luorescent  qual i ty  and some of best  f luorescent  
mater ia ls .  
Chemical 
Rhodamine "B" 
Blaze Orange ~ 1 5  
Rhodamine 6G 
Soluble 
Yes 
no 
Fluorescent 
yes - red- 
orange 
yes - pale 
orange 
TRIS (5-Nitrosalicylaldehydo) I no 
Europium 
I -  
Ambient 
Fluorescence fades 
rapidly as i t  d r i e s  
Sample #1 & #2: Test s l i d e s  of Rhodamine "B" made  by dipping of s l i d e  i n t o  a n  
almost concentrated solution of  dye and  p las t ic .  A second s l i d e  made of l e s s e r  
concent ra t ion  to  compare fluorescence. 
METHOCEL H.G . 
Mothocel H.G. (Dow - Hydroxypropyl Methyl Cellulose) Water Soluble Gum. Max. 
c l a r i t y  of so lu t ion  a t  5 - l O " C  1 gm of Methocel/40 m l  of Ethyl Alcohol plus H20. 
Rhodamine "B" 
Europium 
no 
(2 Furyl)  1,3 Butanediono] 
TRIS [4,4,4 T r i f luo ro  1- 
no 615 - Switzer 
Yes yes - red- 
orange 
- 
- 
Pink *Concentration 
2 s l i d e s  made 
- - 
- p a r t i c l e s  float 
Sample #3 & #4: *1 s l i d e  dipped in prepared Methocel and dye.  Second s l i d e  
dipped i n  1:l Methocel and Ethyl Alcohol. 
SODIUM SILICATE 
Sodium S i l i ca t e   So lu t ion  
Chemical Soluble 
Rhodamine "B" 
TRIS (Acetoacetanilido) 
Terbium 
Fluorescent 
no 
- 
Ambient 
p a r t i c l e s  f l o a t  
VINYL 
Vinyl, Clear Spray, Bel-Art, F-24005 (wc)* 
Rhodamine 'B" 
TRIS (Acetoacetanilido) 
Terbium 
Yes 
no 
yes - red- 
orange 
- 
fluorescence of 
s l ide  decreases  
fluorescence of 
s l ide  decreases  
* Manufactured by  BEL-ART Products, Pequannock, N. J. 
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TABLE B-IIa 
PLASTIC  MATRICES A N D  SOLVENTS - LIQUIDS 
Ma tr Fx 
Tetra Flex 990 
ca   t a l ina  A -1167 
Mult i fa r ius  
Liquid  Acrylic 
Mul t i fa r ius  
Vinyl 
Conap Polyure- 
thane 1127 
Sant ic   i zer  160 
Vikem PVC 
Hum1 Sea l  
S i l icone  m34 
Nylon i n  
a lcohol  
Sodium S i l i c a t e  
Humi Sea l  
Acrylic m18 
Humi S e a l  Poly- 
urethane lA27 
Humi Sea l  
Acryl ic  lB12 
Clear  gloss  
lacquer 
Q.uram 220 
(organic ammo- 
m i u m  s i l i c a t e )  
-3 
Sanufacturer ' s  
National Polychemicals 
Inc. Wilmington, Mass. 
Catal in  Corp. 
New York, N Y. 
In te rna t iona l   F iber -  
g l a s s  Corp. 
Woodside, N. Y. 
In te rna t iona l   F iber -  
g lass  Corp, 
Woodside, N. Y. 
Alleghany, N. Y. 
Monsanto Co. 
S t .  Louis, Moa 
Bel-Art Products 
Pequannock, N. J. 
Columbia Technical 
Corp.  Woodside, N.Y. 
General Dispersing, 
k c . ,  Bloomf i e ld ,  N. J. 
F i she r   Sc i en t i f i c  
New York, N. Y. 
Columbia Technical 
Corp.  Woodside, N.Y. 
Columbia Technical 
Corp.  Woodside, N.Y. 
Columbia Technical 
Corp.  Woodside, N.Y. 
Grant Paint & Varnish 
Co. Brooklyn, N.Y. 
Philadelphia Quartz 
Co. Philadelphia,  Pa. 
~a ta 
conap Inc.  
Manufacturer's 
Matrix 
Al l ied  Chemical Polyethylene 
Data 
Methocel HG 
Morristown, N. J. 
Corp. Grade 6 
Corp. N.Y. ,N.Y. 
Union Carbide Polysulfone 
Midland, Mich. 
Dow Chemical Co. 
Color 
dark 
amber 
c l e a r  
amber 
c l e a r  
amber 
c l e a r  
c l e a r  
c l e a r  
milky 
c l e a r  
c l e a r  
l i g h t  
amber 
c l e a r  
c l e a r  
c l e a r  
SOLIDS 
Solvent 
Trichlo-  
re thylene 
D i s t i l l e d  
water 
benzene 
Chloro- 
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Ruromine 0 
so luble  
I no 
v i scos i ty  
- 
may need 
thinning 
no thinning 
necessary 
must  be 
th inned  for  
may need 
thinning 
no thinning 
necessary 
may need 
thinning 
may need 
thinning 
nay need 
thinning 
dipping 
- 
may need 
thinning 
must be 
th inned  fo r  
dipping 
no thinning 
necessary 
must be 
thinned for  
dipping 
- 
Auramine 0 
S o l u b i l i t y  
Yes 
,Jet t ing 
1 b i l i  ty 
- 
good 
good 
good 
good 
good 
good 
good 
good 
- 
good 
good 
good 
good 
- 
Vett ing 
thinning 
necessary 
thinning 
Matrix 
Elvanol 71-30 
Elvanol 71-30 
plus 
Elvanol 72-60 
Elvanol 72-60 
plus  
Ethocel 
Radel  (water 
soluble  f i lm) 
Sulf onamel 
Radel + Wetting 
Agent 
Cellulose 
Acetate  (Acetyl 
4M) 
Elvanol 52-22 
C yanocol 
Res inox 755 
VYHH-Vinyl 
VAGH-Vinyl 
Auramine 0 
in  Matrix 
Clear cover 
g l a s s  
Sulfonamel 
Methocel 
Elvanol 72 -60 + WA 
Elvanol 71-30 + WA 
Elvanol 52 -22 
TABLE B-IIa 
PLASTIC  MATRICES A N D  SOLVENTS - SOLIDS (con t ) 
Manufacturer I s  
DuPont 
Wilmington,  Del. 
DuPont 
Wilmington,  Del. 
DuPont 
Wilmington,  Del. 
DuPon t 
Wilmington,  Del. 
Dow Chemical Co. 
Midland,. Mich. 
Union Carbide 
Corp. N.Y. ,N.Y. 
Switzer Bros. 
Inc.  Cleveland 
Ohio 
Dnion Carbide 
Zorp., N.Y.,N.Y. 
D i s t i l l a t i o n  
Products 
iiochester, N.Y. 
DuPont 
dilmington,  Del. 
h e r i c a n  Cyana- 
nid Co. 
qayne, N. J. 
Qonsanto Co. 
Jnion Carbide 
:orp. N.Y. ,N.Y. 
Jnion Carbide 
:orp. N.Y. ,N.Y. 
IB ta 
s t .  Louis, No. 
Solvent 
D i s t i l l ed  
water 
Lec onol 
wetting 
agent 
D i s t i l l e d  
water 
Leconol 
wetting 
agent 
Xylene 
Water 
Dimethyl 
Formamide 
Water 
Acetone 
water 
Acetone 
Acetone 
Diacetone 
Alcohol 
Dimethyl 
Formamide 
TABLE B - I I b  
PLASTIC  MATRICES AND SOLVENTS - RESULTS 
ibsorption 
leak - mp 
260 
388 
378 
385 
382 
386 
Fluorescent 
peak - mp 
500 
52 0 
517 
519 
519 
56 
i e l a t ive  
Uuorescence 
3% 
23% 
4 5% 
Wetting 
Viscosity A b i l i t y  
no thinning poor 
necessary 
no thinning good 
necessary 
no thinning poor 
necessary 
no thinning good 
necessary 
no thinning good 
necessary 
no thinning good 
necessary 
no thinning good 
necessary 
no thinning good 
necessary 
no thinning good 
necessary 
no thinning good 
necessary 
no thinning good 
necessary 
no thinning good 
necessary 
no thinning good 
necessary 
no thinning good 
necessary 
Coating 
Transparent 
Transparent 
Transparent 
Transparent 
Transparent 
Remarks 
TABLE B- I Ib  
PLASTIC MATRICES AND SOLVENTS - RESULTS (con ' t ) 
Auramine 0 
in  Matrix 
Multl Acrylic 
Acrylic mi2 
Acrylic lF18 
Gental 101 
(Nylon i n  
a lcohol)  
Radel 
Radel + Wetting 
Agent 
Cyanocel 
Ethocel 
Cellulose 
Acetate 
Polyurethane 
1127 
Polyurethane 
u 2 7  
Polysulfone 
Polyethylene 
Silicone N34 
Clear mcquer 
Sant ic izer  160 
Mult i far ius  
Vinyl , 
Vikem PVC 
Ca ta l in  A-1167 
Resinox 755 
bsorpt  ion 
eak - 
273 
278 
270 
Ethyl  Alcohol 
Methylene Chloride 
I4ethyl Isobutyl 
Ketone 
Toluene 
Dibutyl Phthalate 
Ethylene Glycol 
Monoethyl Ether 
Acetate 
260 
260 
450 
260 
32 0 
473 
260 
263 
448 
255 
375 
472 
Auramine 
0 
c Sol.  
c Sol.  
P Sol.  
P Sol. 
c Sol. 
cs 
Coating 
Translucent 
Transparent 
Transparent 
grainy  Transparent 
Remarks 
Transparent 
Transparent 
Translucent 
Transparent grainy 
Transparent  grainy 
Transparent 
Transparent 
grainy Transparent 
grainy 
Translucent grainy 
Transparent wet 
Transparent wet 
Transparent 
wet Transparent 
wet 
Transparent  grainy 
Transparent grainy 
Transparent I 
TABLE B-IIIa 
SOLVENT DATA - PLASTICS 
ulf onamel 
PS 
PS 
cs 
cs 
Cellulose Poly- 
Cyanocel 
PS Ns Ps cs 
cs Ns PS NS 
Ethocel ethylene Acetate 
NS PS NS PS 
i . N s  cs NS PS 
TABLE B-IIIa 
SOLVENT DATA - PLASTICS ( c o n ' t )  
Ethylene Glycol 
Monoethyl Ether 
Acetone 
Isophorone 
Petroleum Ether 
Xylene 
Hexane 
Cyclohexanone 
Trichlorethylene 
Methyl Ethyl 
Ketone 
Diacetone Alcohol 
Ace ton i t r i l e  
Dimethyl Formamide 
Chlorobenzene 
Isopropyl Alcohol 
Me thy1  Alcohol 
Butyl Alcohol 
Tributyl Phosphate 
Benzene 
Pentyl  Acetate 
Pentane 
D i s t i l l e d  Water 
Perchlorethylene 
Dimethyl Sulfoxide 
Hexamethyl 
phosphoramide 
Solvent 
Acetone 
Toluene 
Methyl  Alcohol 
Methyl Ethyl Ketone 
Pentyl Acetate 
Hexane 
Diac e t one A l c  . 
Auramine 
0 
cs 
PS 
PS 
NS 
NS 
NS 
PS 
PS 
PS 
cs 
cs 
cs 
PS 
cs 
cs 
cs 
PS 
NS 
N S  
NS 
cs 
NS 
cs 
PS 
Sulf  onamel 
cs 
cs 
cs 
cs 
Ns 
Ns 
NS 
Ns 
cs 
PS 
" 
>yanocel 
cs 
NS 
cs 
cs 
NS 
NS 
NS 
NS 
cs 
Cellulose 
Acetate 
cs 
cs 
cs 
cs 
NS 
PS 
NS 
NS 
cs 
TABLE B - I I I b  
SOLVENT DATA - RARE EARTHS 
Terbium Chloride 
no fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
iTerbium S u l f a t e  
Ino fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
Poly- 
ethylene 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
Terbium 
Chloride 
S o l u b i l i t y  
s l i g h t l y  
soluble  
not soluble 
soluble  
soluble  
s l i g h t l y  
soluble  
soluble  
soluble 
Zthocel 
PS 
PS 
PS 
PS 
cs 
PS 
cs 
NS 
PS 
I Terbium Su l fa t e  
S o l u b i l i t y  
not  soluble  
not soluble 
not soluble 
not soluble 
not soluble 
not soluble 
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TABLE B - I I I b  
SOLVENT DATA - RARE EARTHS (con ' t )  
Solvent 
Xylene 
Ethyl Alcohol 
t l a t e r ,  d i s t i l l e d  
Benzene 
Chlorobenzene 
Tributyl Phosphate 
No t e s t  s l i d e s  made 
Terbium Chloride 
no fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
t o  d a t e .  
Solvent Data 
TRIS (Salicylaldehydo) 
So l id  
Europium &LOO 
No - 
Terbium Su l fa t e  
no fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
no fluorescence 
Terbium 
Chloride 
So lub i l i t y  
not  soluble  
soluble  
soluble  
not  soluble  
not  soluble  
so luble  
Solvent  Soluble 
Acetone 
C2H20H 
Diacetone 
Alc oh01 
Methyl Ethyl 
Ketone 
S l i g h t l y  
S l i g h t l y  
Yes 
S l igh t ly  
Terbium 
Su l fa t e  
So lub i l i t y  
not  soluble  
not  soluble  
solubie  
Fluorescent 
No 
No 
No 
No 
No 
A l l  samples cheeked with both long and short wave W lamps. B e s t  results with 
long wave lamp. 
Since contrast  depends not only on how di f fuse  the  coa t ing  is but on the  
f luorescent  output  as well, no general comment or  eva lua t ion  can ,be  assoc ia ted  with 
a given film based on e i t h e r  of the aforementioned quantities. Contrast depends on 
t h e  r a t i o  of f luorescent  ou tput  to  "d i f fus ib i l i ty"  and  t h i s  f igu re  of meri t  (B) 
then is  the key t o  a n  optimum film. For any material  under inves t iga t ion  with, 
concentrat ion as a variable,  the value of B must be measured before any quan t i t a t ive  
judgement is formed regarding the particular sample.  
A va r i e ty  of p las t ics ,  so lvents  and  dyes  a re  readi ly  ava i lab le  for  eva lua t ion .  
O f  a l l  the dyes, only a few were determined worthwhile investigating. Rare Earths 
a re  ru l ed  ou t  due to  the i r  margina l  f luorescence .  The Switzers show exce l len t  
emission properties but they cannot be used f o r  a well  controlled experiment.  
These dyes are Clad with Sulfonamel. Since Auramine 0 has high emission, it is  
used as t h e  t e s t  dye for  subs t ra te -concent ra t ion  measurements. 
The technique of measuring diffuse ref lect ion is somewhat complicated and is  
discussed.  br ief ly .  Incident  l ight  is  disposed of i n  a l l  of the following 
phenomenon: 
. Specular  reflection  (due  to  index of r e f r ac t ion )  . Direct  transmission . Absorpt ion   ( resu l t ing   in   hea t )  . Diffuse   re f lec t ion  . Diffuse transmiss ion. 
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The method of measuring diffuse ref lect ion is to i l luminate the sample and a t  
an angle different from the angle of incidence. Measure over a cone, the reflected 
(diffuse)  intensity.  This is done by usin  the  Farrand  Spectrofluorometer. These 
resu l t s ,  when compared t o  ground glass a t  % 100 Angstroms, show tha t  most f i lms  are  
10 t o  20 times less  diffuse than ground glass.  
1. 
2. 
3. 
4. 
5. 
6. 
7- 
8. 
9. 
10. 
11. 
12. 
13 - 
14. 
15 * 
16. 
17 
18. 
19. 
20. 
21. 
22. 
23 - 
24. 
25 - 
26. 
27- 
TABLE B-IV 
CONCENTRATION EXPERIMENTS 
Sulfonamel - Dimethyl Formamide (6@) Solution 
0.1 grams of Auramine 0 per 30 ml of 6o$ solution 
0.2 grams of Auramine 0 per 30 m l  of 6@ solution 
0.2 grams of Auramjme 0 per 60 m l  of 3o$ solution 
Cellulose Acetate-Diacetone Alcohol (5$) Solution 
0..1 grams of Auramine 0 per 30 m l  of 5% solution 
0.2 grams of Auramine 0 per 30 ml of 5% solution 
0.2 grams of Auramine 0 per 60 ml of 2-1/2$ solution 
Cellulose Acetate-Acetone (5%) Solution 
0.1 grams of Auramine 0 per 30 ml of 5% solution 
0.2 grams of Auramine 0 per 30 ml of 5% solution 
0.2 grams of Auramine 0 per 60 ml of 2-1/2$ solution 
Polysulfone-Methylene Chloride (lo$) Solution 
0.1 grams of Auramine 0 per 30 m l  of lo$ solution 
0.2 grams of Auramine 0 per 30 ml of lC$ solution 
0.2 grams of Auramine 0 per 60 ml of 5% solution 
Ethylcellt6,ose-Isopropyl Alcohol (2-1/2$) Solution 
0.1 grams of Auramine 0 per 30 m l  of (2-1/2$) solution 
0.2 g r a m s  of Auramine 0 per 30 ml of (2-1/2$) solution 
0.2 grams of Auramine 0 per 60 ml of (1-1/4$) solution 
Ethylcellulose-Xylene (2-1/2$) Solution 
0.1 grams of Auramine 0 per 30 ml of (2-1/2$) solution 
0.2 grams of Auramine 0 per 30 m l  of (2-1/2$) s'olution 
0.2 grams-of Auramine 0 per 60 ml of (1-1/4$) solution 
Polysulfone-Chlorobenzene (lo$) Solution 
0.1 grams of Auramine 0 per 30 m l  of (1C$) solution 
0.2 g r a m s  of Auramine 0 per 30 ml of (1%) solution 
0.2 g r a m s  of Auramine 0 per 60 ml of (5%) solution 
0.'1 grams of Auramine 0 per 30 ml of (2-1/2$) solution 
0.2 grams of Auramine 0 per 30 ml of (2-1/2$) solution 
0.2 grams of Auramine 0 per 60 ml of (1-1/4$) solution 
Elvanol 52-22-Distilled Water (2-1/2$) Solution 
Elvanol 72-60-Distilled Water (2-1/2$) Solution 
0.1 grams of Auramine 0 per 30 m l  of (2-1/2$) solution 
0.2 grams of Auramine 0 per 30 m l  of (2-1/2$) solution 
0.2 grams of Auramine 0 per 60 ml of (1-1/4$) solution 
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TABLE B-IV 
CONCENTRATION EXPERIMENTS (con I t . ) 
28. 
29. 
30. 
31. 
32 * 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
Zerlon-155-lrlethyl Isobutyl Ketone (15%) Solution 
0.1 grams of Auramine 0 per 30 m l  of (158) solut ion 
0.2 'grams of Auramine 0 per 30 m l  of (15%) solution. 
0.2 grams of Auramine 0 per 60 ml of (7-1/2$) solut ion 
Zerlon-155-Acetone (lo$) Solution 
0.1 grams of Auramine 0 per 30 ml of (1w) solut ion 
0.2 grams of Auramine 0 per 30 ml of (lo$) solut ion 
0.2 grams of Auramine 0 per 60 m l  of (5$) solut ion 
Omitted 
Cyanocel-Acetonirile (5%) solut ion 
0.1 grams of Auramine 0 per 30 m l  of (5%) solut ion 
0.2 grams of Auramine 0 per 30 m l  of (5%) solut ion 
0.2 grams of Auramine 0 per 60 ml of (2-1/2$) solut ion 
Cyanocel-Acetone  (5%) Solution 
0.1 grams of Auramine 0 per 30 m l  of (5$) solut ion 
0.2 grams of Auramine 0 per 30 ml of (58) solut ion 
0.2 grams of Auramine 0 per 60 m l  of (2-1/2$) solut ion 
Table V shows the r e su l t s  of diffusion measurements. Note that i n  almost a l l  
cases, the reference diffusion (ground glass) is about a fac tor  of 20 higher than 
any given slide'. A l l  diffusion data was taken a t  X = 610 millimicrons so  that the 
s l i d e  would not fluoresce. 
The most d i f f i c u l t  part of the experiments deals with comparing the  normal 
ray of fluorescent output of each slide. The problems l i e  i n  t h e  f a c t  that: 
a )  the glass  substrates  show fluorescent  tendencies. 
b )  the Oth order of the  f i l tered source leaks out  of the source. 
c )  t h e  gratings only imperfectly reject  other wavelengths. 
TABLE B-V ' 
RESULTS OF DIFFUSION MEASUREMENTS 
Sl ide  
Ident i f ica t ion  
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
E 
I 
E 
"
lef  erence 
)iff  us  ion 
leading (pa) 
11.5 
11.5 
9.1 
11.5 
st 610 w 
Diffusion 
Reading (pa) 
.55 
.91 
- 56 
1.05 
1.31 
1. og 
- 63 
1.30 
1.71 
No F i l t e r  V i s u a l  
Observations 
of Film 
Growing - Otherwise 
good 
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S l i d e  
Ident i f icat ion 
Number 
10 
11 
12 
13 
1 4  
15 
16 
17 
18 
19  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4 0  
TABLE B-V 
RESULTS OF DIFFUSION MEASUREMENTS (con I t ) 
tef erence 
)iffusion 
teading (pa) 
11.5 
9.1 
9.1 
I t  610 w 
Diffusion 
Reading (pa) 
2.54 
4.89 
2 -89 
.86 
1.54 
.90 
.75 
.73 
-83 
1.85 
1.23 
- 63 
- 50 
2.05 
.85 
67 
-92 
1.15 
1.00 
1- 79 
.91 
2.65 
6.62 
3.61 
6.15 
3.95 
3-05 
4.39 
2.63 
3.69 
No F i l t e r  V i s u a l  
Observations 
of Film 
Granular C o a t  
To obtain the purest poss ib le  data,, it is required that a W f i l t e r  be used 
i n  f r o n t  of the W source and a v i s i b l e  f i l t e r ' a f t e r  the W f i l t e r .  This  essen- 
t i a l l y  eliminates "stray" W from striking the photomultiplier. 
Table B-VI is an   i n i t i a l   spec t r a l   ca l ib ra t ion  of the  W source and f i l t e r .  
The 1 ~ 2 8  phototube is within *lo$ i n  this range. 
I 
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TABLE B-VI 
SPECTRAL CALIBRATION OF W SOURCE AND FILTER 
X Millimicrons $ output 
300 
32 0 
14% 
2% 
340 
lo($ 380 
78% 360 
5 w  
350 7@ 
4 00 
420 
63% 
7% 
The resul ts  of  a l l  slides are  shown i n  Tables B-VI1 and B-VIII. A noteworthy 
poin t  is  that the response is fairly uniform as  a function of wavelength, indicating 
considering the lamp response that  the dye peaks near 300 millimicrons. 
TABLE B-VI1 
RESULTS OF SLIDES 
S l ide  
Ident i f icat ion 
Number 
1 
2 
- 3 
4 
5 
6 
7 
8 
- 9
- 
10 
11 
12 
13 
1 4  
15 
-
-
16 
18 
19 
20 
21 
17. 
-
-
Fluorescent 
514 
516 
510 
4 93 
508 
4 67 
5 05 
507 
4 90 
467 
4 90 
468 
4 67 
468 
468 
4 64 
468 
369 
465 
466 
. 470 
Normal* 
Fluorescent 
a t  300 w 
Power 
(pa) 
.045 
.037 
-043 
-048 
-041  
-087 
-041  
.039 
.0435 
.054 
.039 
.034 
.075 
.070 
-076 
.0262 
.095 
.035 
-074 
.0775 
.088 
* Photo multiplier Current 
63 . 
Normal* 
Fluorescent 
Power 
a t  350 w 
(pa) 
.054 
-044 
.0445 
-046 
-04 15 
- 0795 
.042 
.040 
-041 
- 04 95 
-0365 
.069 
- 0695 
.087 
.034 
-064 
.0232 
- 0315 
-069 
.080 
- 0705 
Normal* 
Fluorescent 
Power 
a t  385 w 
(pa ) 
.0885 
-0615 
- 0525 
-049 
-0415 
* 0905 
-045 
- 0325 
* 0455 
.0615 
.04 65 
- 0475 
-072 
.0785 
- 0% 
* 0237 
- 0775 
0345 
.0835 
-083 
.092 
TABLE B-VI1 
RESULTS O F  SLIDES (con't ) 
Sl ide  
Ident i f icat ion 
Number 
22 
23 
24 
25 
26 
28 
29 
- 3 0
-
- 27 
31 
32 
- 33 
34 
35 
36 
- 37 
38 
39 
40 -
Fluorescent 
A 
493 
483 
4 90 
4 67 
466 
483 
4 67 
465 
466 
466 
493 
470 
No slide made 
515 
510 
508 
508 
515 
512 
s1 
Jormal* 
?luorescent 
?ower 
it 300 mp 
(pa ) 
.048 
.042 
.0445 
- 059 
.053 
-045 
-089 
-0855 
* 077 
- 0 4 1  
-021 
.038 
-0174 
-0176 
.017 
.018 
.014 7 
-0215 
= 20 mp 
gorma1* 
?luorescent 
Power 
it 350 rmJ. 
(pa ) 
-045 
.0385 
0 4 1  
.0545 
.048 
. 0 4 1  
.0815 
.070 
.0785 
.0215 
- 0395 
.04 05 
.@35 
.0166 
.020g 
.023 
.0194 
.0282 
Normal* 
Fluorescent 
Power 
it 385 mp 
( p a  ) 
.052 
. O h 2  
-047 
.065 
- 0455 
.0825 
-0895 
.049 
.0285 
.056 
.029 
.0215 
.0256 
-026 
* 053 
- 0 9 5  
.0224 
.034 
s2, s3, s4 = 5 w 
The best  mater ia ls  for  nominal concentrations are: 
1 - Sulfonamel-Dimethyl Pormi.de 6% solution - 0.1 grams dye t o  30 ml solution. 
2 - Ethyl  Cellulose-Xylene 2-1/2$ solution - 0.1 grams dye t o  30 m l  solution. 
3 - Elvanol 52-22-Distilled Water 2-1/2$ solution - 0.1 grams dye t o  30 m l  
4 - Elvanol 72-60-Distilled Water 2-1/2$ solut ion - 0.1 grams dye t o  30 m l  
solution. 
solution. 
TABLE B-VI11 
RESULTS OF SLIDES 
Fluorescent* 
output 
Sl ide 
Number 
(Normal ) Ident i f icat ion 
a t  385 w 
pa 
1 
.04gO 4 
-0885 
.0450 7 
* Photo Multiplier Current 
Diffuse* 
a t  610 mp 
Normal Fluorescent  Reflection 
Ratio, B 
Output 3 Diffuse 
pa Reflection (x 
.55 161.0 
1.05 46.6 
- 63 71.4 
64 
Sl ide  
I d e n t i f i c a t i o n  
Number 
10 
13 
16 
19 
22 
25 
28 
31 
35 
38 
2 
3 
17 
18 
23 
24 
26 
27 
TABLE B-VI11 
RESULTS OF SLIDES (con' t ) 
Fluorescent* 
output 
3 t  385 w 
(Normal) 
ua 
.0615 
0775 
. 0970 
.0835 
.0520 
.0650 
0 9 5  
.04 90 
.0290 
.0260 
.0615 
- 0525 
- 0237 
,0345 
-042 
.047 
- 053 
.0455 
Diffuse* 
Reflection 
at  610 m p  
ua 
2.54 
-86 
- 75 
1.85 
.50 
.67 
1.00 
2.65 
3.61 
3.05 
.91 
.65 
- 73 
.83 
2.05 
.85 
-92 
1.15 
Ratio, B 
Normal Fluorescent 
Output i Diffuse 
Reflection [x 10-3) 
24.2 
90.2 
129.6 
45.2 
104.0 
97.0 
92.5 
18.5 
8.03 
8.52 
67.5 
110.0 
32.5 
41.6 
20.5 
64.7 
57.6 
39.5 
The Sulfonamel in  conjunct ion with the Switzer  dyes are  optimum, i n  comparison 
to a l l  t h e  p l a s t i c  s o l v e n t s  t e s t e d .  It was observed that the peak emission wave- 
length  var ied  s l igh t ly  as a funct ion of matrix; Both of t hese  f ac t s  were recog- 
n i zed  ea r l i e r  i n  the  program. 
Table B-IX shows the value of B for  the  Swi tzer  Ql5 
TABLE B-JX 
SUITZER Q15 SERIES 
Concentrations 
Switzer Q ~ ~ / A D A  sol. 
1 gm/2 ml 
1 gm/5 m l  
1 grm/7.5 
1 gm/lO ml 
1 grm/l5 ml 
1 grm/20 ml 
1 gm/25 ml 
Nominal 1 grm/l ml 
2 dips 1 g m / l  ml 
3 dips 1 grm/l ml 
* Photo Mult ipl ier  Current  
65 
B (x 10-3) 
41.6 
50 
8 
18.5 
12.5 
11.4 
6. o 
67.0 
30- 3 
43.7 
I 
A s  was shown, the Switzer Q series proved t o  have the  bes t  f i gu re  of merit  B 
f o r  t h e  materials tested.  Preliminary trials, however, show tha t  t he  rare ea r ths  
are equally good, and have the added f e a t u r e  of o p t i c a l  c l a r i t y .  The emission 
spectrum is well within the transmission band and the emission peaks are f a r  
removed from the absorption peaks. For each of the Q series dyes,  the following 
data was obtained: 
. Transmission . Emlssion  spectrum . Relat ive output  for  var ious W exc i t a t ion  
This amassed data is reduced and portrayed graphically in Figure- B - 1 
through Figure B - 7. The most in te res t ing  genera l  feature as exhibited by 
Figure B - 3 and Figure B - 4 is that  the transmission is d r a s t i c a l l y  a f f e c t e d  by 
t h e  absorption band. Consequently,  the  output is great ly  inf luenced by the 
concentration. 
A s  shown, the worst wavelength for the dyes is  i n  t h e  v i c i n i t y  of 350 milli- 
microns, and the bes t  w i l l  be above 400 millimicrons or near 300 millimicrons. 
This  po in ts  ou t  tha t  P-16 phosphor may be the  bes t  exc i te r .  
It is suspected that the Sulfonamel has some e f f e c t  on the dye a t  350 milli- 
microns al though the t ransmission character is t ics  of Sulfonamel do not  revea l  th i s .  
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Figure B-1. Graphic Results of A l l  Data 
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SPECTRAL  CHARACTERISTICS Q13 SWITZER,  SPECTRUM,  TRANS- 
MISSION, STIMULATED OUTPUT VS . X, 5gm Q13: 20ml 1 : 1 ADA 
L) 
h 
L, 
r 
0) 
0 
L 
a, a 
W 
2 
L, 
0 
a, 
m 
a 
.) 
c 
0 
d 
m 
m 
d 
E 
m c 
ai 
k 
5 
300 350 400 450 500 550 600 ti50 700 
Wave Length, X, (Millimicrons) 
Figure B-2. Graphic  Results of All Data 
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SPECTRAL  CHARACTERTSTICS Q15 SWJTZER,  SPECTRUM, TRANS- 
MISSION STIMULATED OUTPUT VS. X 5gm Q15 TO 10 ml L : 1 ADA 
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Figure B-3. Graphic  Results of All Data 
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SPECTRAL  CHARACTERISTICS Q15 SWITZER,  SPECTRUMS  TRANS- 
MISSION  STIMULATED  OUTPUT VS. X ,  5gm QI5 TO 20 m l  1:1 ADA 
Wave Length, X,  (Mi11imicrons) 
Figure B-4. Graphic  Results of A l l  Data 
SPECTRAL  CHARACTERISTICS Q17 SWITZER, SPECTRUM, TRANS- 
MISSION STIMULATED  OUTPUT VS. h 5gm Q17 TO 20 m l  1:l ADA 
c, 
5 a c 
H 
wave Length, x, (Millimicrons) 
Figure B-5; Graphic Results of A l l  Data 
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SPECTRAL  CHARACTERISTICS Q18 SWITZER,  SPECTRUM,  TRANSMISSION 
RELATIVE  STIMULATED  OUTPUT VS . A 5gm Q18 TO 20 ml 1: 1 'ADA 
Wave Length, X, (Millimicrons) 
F i g u r e  B-6. Graphic  Results of A l l  Data 
SPECTRAL  CHARACTERISTICS Q19 SWITZER,  SPECTRUM,  TRANS- 
MISSION  STIMULATED  OUTPUT VS. X,  5gm Q19 TO 20 ml 1:l ADA 
F i g u r e  B-7. Graph ic  Results of A l l  Data 
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Dye and 
Concentration 
[ m/ml) 
Auramine 0 
Q13 (5:20) 
Q15 (5:10) 
Q15  (5:20) 
Q17 (5:20) 
g18  (5:20) 
Q.19 (5:20) 
TABLE B-X 
OPTIMUM COMBINATIONS 
Corning F i l t e r  I type 
Pheoretical 
3-71 
3-68 
3-67 
3-69 
3 -72 
3-72 
3 -74 
A c t u a l  
- 
3-66 
3-66 
- 
3 -71 
- 
- 
Peaks 
Mil l imicrons 
540 
580 
585 
575 
510 
510 
4 4 0  
" 
Relative 
Intensity 
40Cj~q.1 45- 
x 10-3 
.2 2.0 
- 5  1 . 4  
1.2 2.2 
.8  1.6 
2.5 5.5 
3.0 0 
3.3 0 
-+ lo$ 
poin t s  
milli- 
micron 
4 90-610 
545-675 
555-625 
54 5 -610 
460-590 
460-590 
410-500 
' C  
n 
n 
V# 
"
Xltoff 
ravelength 
1 i 1 1 i -  
lic r on 
4 90 
525 
550 
523 
455 
450 
4 00 
70 
... 
APPENDIX C 
MEASUREMENT DEFINITION 
Throughout the course of t h i s  program it was f e l t  that the re  exis ts  a l a r g e  
d i s c o n t i n u i t y  i n  d e f i n i t i o n s  of photometric  measurements.  For  example,  the  usage 
of Ft. -Lamberts was purposely avoided i n  f a v o r  of tho usage of pow&r/unit-area or 
power density . 
The sensor or t h e  human eye  senses  to ta l  power or power/unit area x s i z e  of 
the  eye  aper ture .  In  fac t ,  a lmost  any  sensor  senses  to ta l  power or to ta l  energy .  
Power and  energy  are  fa i r ly  s t ra ighmrward  fundamenta l  quant i t ies  where br ight-  
ness or F t .  -Lamberts a r e   a r t i f i c i a l  conveniences. 
The purpose of t h i s  s ec t ion  i s  t o  c l a r i f y  and define a l l  of the various 
terminology.  For t h i s  purpose, we consider two d is t inc t  c lear -cu t  re la t ionships :  
A )  Re la t ing   to   inc ident   rad ia t ion .  
B) Rela t ing   to   source   rad ia t ion .  
A )  Re la t ionsh ips  r e l a t ing  to  inc iden t  r ad ia t ions  - Plane  electromagnetic 
waves behave according to Maxwell's  equations 
> > >  
p = V x M  
where V and M are e l ecq r i c  f i e l d  volts/meter and magnetic f i e ld  amp/meter respec- 
t i ve ly .  The quan t i ty  p is  then watts/meteP pr power densi ty  on power/unit area. 
For a given area A ,  t h e  t o t a l  power P is  P = P A ,  where P is watts. I n  t h e  v i s i b l e  
range, it is more convenient to speak of power (or flu) as lumens. By de f in i t i on ,  
1 watt = 680 lumens, no matter what the wavelength. 
It is no t  c l ea r  where the h i s t o r i c a l  o r i g i n  of the  usage stems, however, i t  
must be accepted that a lumen i s  a unit of power. 
It; is established that when one speaks of i l lumination, power dens i ty  or  
power/unit, area I s  the corresponding basic  quant i ty  in  the Maxwell sense. 
Conventional units are watts/metel-2, lumen/ft2, (foot candles) 
where 1 lumen/ft2 4 1 foot-candle 
B) Rela t ionships  re la t ing  to source - Flux  r ad ia t e s  i n  a pat tern.  Along any 
particular axis the incident power/solid angle subtended is  a constant independent 
of t he  d i s t ance  to  the source. By def in i t ion  then ,  Luminous I n t e n s i t y  
UI = solid  angle  subtended 
P I s  taken over the solid angle.  
The uni ts  are  lumen/steradian and by d e f i n i t i o n  
1 Lumen/steradian = 1 candle. 
Luminous in tens i ty  appl ies  to  any  source ,  p rovided  the  observer  is far 
enough away so that i t  appears as a point source.  For an incoherent source,  i f  
the  observer is f i v e  times the dis tance away as the largest  source dimension, the 
source pattern appears as a point source.  
Also note that, 1 candle = 1 candle power. 
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The l a s t  of t he  de f in i t i ons  to  be ;:xpressed in  bas ic  uni t s  is luminance B, 
which a l so  re la tes  on ly  to  the  source  but  cons iders  the  fac t  tha t  the  source  has  
a f i n i t e  a r e a .  
The shortcoming of the quant i ty  I = it is  t h a t  i f  we used a large source,  dP 
one g e t s  a l a rge  I. The use of luminance fs a way of ra t ing sources  consider ing 
the  area.  
B =  A dL dA' Cos e 
where Cos 8 re lates  the idea of projected area.  
S inc e 
so 
or u n i t s  of Lumens/Steradian/area of candles/area. 
The two most commonly accepted def ini t ions of Luninance i n  terms of known 
q u a n t i t i e s  is ths foot-Lambert or the Lambert or S t i l b  (CIE) .  
Since 1 candle/area = 1 lumep/steradian/area = 680 watts/steradian/area a 
new u n i t  as above can be defined as such 
1 Lambert = ( ;; ) candles/cm 
1 P t .  -Lambert = 1 candles/ft  
1 2 
2 
Tr 
1 S t i l b  = 1 candle/cm 2 
An area source whose brightness is 3.14 candles/f t  has a brightness of 2 
I f t. -Lambert. 
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APPENDIX D 
(REFERENCE: NOTEBOOK NO. 176) 
PROCEDURE FOR APPLYING CONDUCTIVE COATINGS TO SUBSTRATES 
Prior  t,o heating the 0.5 mm thick U.V. f i l t e r  it is good p r a c t i c e  t o  have it 
thoroughly  clean. The muffle  furnace is  then  preheated  to  exactly  600"~.  This 
temperature is c r i t i c a l  and should be manually cycled between 590°C and 600"~ .  It 
was found tha t  i f  t he  subs t r a t e  is heated a t  too low a temperature the surface of 
the  g lass  would not be recept ive to  the conduct ive coat ing.  This  would r e s u l t  i n  
the conductance of the coating being poor. If the  subs t ra te  is heated a t  too high 
a temperature the glass will melt and flow j u s t  enough that  the  sur face  of the 
subs t r a t e  l o ses  i ts  f l a t n e s s .  It was found tha t  i f  the W f i l t e r  was placed on a 
maronite block a t  room temperature , it  would not be subject to any thermal shock 
p r io r  t o  p l ac ing  i t  in  the furnace.  
When the furnace is a t  exact ly  600"c the block and substrate  are  inser ted and 
the temperature manually controlled to  main ta in  a uniform heat. The subs t r a t e  is 
a l lowed to  remain  in  the  furnace  jus t  long  enough to  apply  the  TC (Tin chlor idej  
solut ion.  
Once the substrate  has  been coated both the maronite block and the substrate 
a r e  removed and allowed to cool a t  room temperature. 
PHOSPHOR SETTLING PROCEDURE 
Phosphor s e t t l i n g  is c a r r i e d  o u t  i n  a one l i t e r  beaker. It i s  preferred t h a t  
this  beaker  be of suff ic ient  height  to  provide uniform dispers ion of the phosphor. 
In  o rde r  t o  ob ta in  good screen uniformity,  the phosphor suspension should be d i s -  
pensed uniformly i n  t h e  s e t t l i n g  s o l u t i o n .  A t  t he  end of the  se t t l ing  t ime the  
so lu t ion  is  either drained through a spout  in  the bottom of the container  or  
siphoned out with an  a sp i r a to r .  
The p r e p a r a t i o n  f o r  s e t t l i n g  c o n s i s t s  of dissolving 0.3g of barium a c e t a t e  i n  
1 l i t e r  of deionized water and placing i t  in  an appropriate  beaker .  For  best  
r e s u l t s  t h i s  solut ion should be kept below room temperature during. the sett l ing 
process. A c lean  subs t ra te  is then placed in  the bottom of a beaker upon a n  
elevated holder which provides  for  eas ie r  removal. A separate beaker is prepared 
containing 40  m l  of deionized water and 20 m l  of a 30$ potass ium s i l ica te  so lu t ion .  
0.4g of phosphor is added t o  t h i s  mixture. T h i s  will provide a screen weight of 
5 mg/c$  when deposited on surface of 180 cm2 a rea .  
The phosphor is then  d ispersed  in  the  so lu t ion  by shaking for approximately 
one minute. After thoroughly shaking the phosphor mixture, i t  is dispensed into 
the acetate  solut ion and al lowed to s e t t l e  u n d i s t u r b e d  f o r  45-60 minutes. The 
beaker is then drained,  the substrate  heat  dr ied in  an oven. 
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APPENDIX E 
THE  USE  OF INORGANIC FLUORESCENT  GLASS  AS A SECONDARY  EMITTER 
RATHER THAN A N  ORGANIC FLUORESCENT  AGENT 
The following list of pages deals specifically with the experiments and 
research involved in the development of a prototype H i g h  Contrast CRT which 
u t i l i zes  an  inorganic  f luorescent  g lass  as a secondary emitter rather than using 
organic fluorescent agents.  They are: page 5 and 28 through 46. 
A f e a s i b i l i t y  i n v e s t i g a t i o n  was sponsored entirely by Hartman Systems Company 
and has r e s u l t e d  i n  a n  a p p l i c a t i o n  for patent consideration. 
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